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This  is  the  first  volume  of  a  5*volume  series  of  documents 
published  to  provide  a  general  Environmental  Assessment 
(EA)  of  the  smoke/obscuration  program.  This  volume  provides 
pertinent  information  on  fog  oils,  diesel  fuels,  and  polyethylene 
glycol  (PEG  200).  Volume  2  identifies  phosphorous  smokes; 

Volume  3,  IR  smokes;  Volume  4,  HC  smokes;  and  Volume  5, 
dye/colored  smokes.  Volumes  2-5  will  be  published  in  sequence. 

This  document  is  not  site  or  item  specific,  however, 
it  is  intended  to  be  used  as  a  basic  document  in  the  preparation 
of  related  item  life  cycle  environmental  documentation, 
as  well  as  a  major  supportive  reference  to  environmental 
documentation  prepared  for  individual  site  specific  operations. 
Henceforth,  as  new  studies  are  completed  and/or  other  smoke/ 
obscurants  or  munitions  are  proposed,  supplemental  information 
will  be  published. 

The  use  of  trade  names  in  this  report  does  not  constitute 
an  official  endorsement  or  approval  of  the  use  of  such 
commercial  hardware  or  software.  This  report  may  not  be 
cited  for  purposes  of  advertisement. 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited 
except  with  permission  of  the  Commander,  Chemical  Systems  Laboratory, 
ATTN:  DRDAR-CLJ- IR,  Aberdeen  Proving  Ground,  Maryland  21010. 
However,  the  Defense  Technical  Information  Center  and  the  National 
Technical  Information  Service  are  authorized  to  reproduce  the 
document  for  United  States  Government  purposes. 
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FOG  OILS,  DIESEL  FUELS,  AND  POLYETHYLENE  GLYCOL  (PEG  200) 


I.  PURPOSE  AND  NEED 

The  Army  employs  smoke/obscurants  principally  to  obscure  or  screen  the 
movement  of  troops  and  vehicles.  The  ideal  smoke  screen  will  hug  the  ground  and  remain 
low  to  conceal  the  location  and  movement  of  troops.  Smokes  have  critical  importance  in 
neutralizing  enemy  sensors  and  hiding  friendly  forces  and  material.  This  is  accomplished 
by  denying  enemy  information,  reducing  effectiveness  of  enemy  target  acquisition 
means,  and  by  creating  conditions  to  deceive  and  surprise  the  enemy.  Smoke  screens  can 
also  be  used  offensively  for  immobilizing  enemy  troops  by  obscuring  their  vision. 

The  current  smoke  generators  that  are  type  classified  (accepted  as  standard 
military  equipment)  use  petroleum  distillates.*  Petroleum  distillates  are  not  a  specific 
chemical  compound  but  a  blend  or  mixture  of  hydrocarbons  having  specified  viscosities 
and  other  physical  parameters.  Until  future  prototype  generators  which  can  use  other 
smoke/obscurants  in  addition  to  oil  are  type  classified,  the  use  of  petroleum  distillates 
will  be  required  for  research  and  development  (R&D)  purposes  and  troop  training.  It  is 
imperative  that  these  distillates  are  maintained  because  current  infrared  (IR)  smokes  are 
much  less  effective  in  the  visible  region  of  the  electromagnetic  spectrum.  Oil  smokes 
can  be  generated  easily  from  existing  munitions  and  generators,  effectively  creating  a 
white  smoke  that  screens  and  obscures  the  visible  spectrum  to  the  maximum. 

For  these  reasons  the  Army  must  be  prepared  to  employ  smoke  and  to  fight 
effectively  in  a  smoke  environment  against  an  enemy  who  is  trained  and  equipped  for  the 
same  operations.  Since  the  recent  reestablishment  of  smoke  generating  units  within  the 
active  army,  troops  must  be  trained  to  use  smoke  generating  equipment  in  realistic 
scenarios.  Such  training  is  essential  to  effect  smoke  employment  concepts  and 
countermeasure  readiness. 

II.  DISCUSSION/DESCRIPTION  OF  ACTION 

A.  History. 

The  earliest  modern  method  of  producing  smoke  for  screening  and  obscuration 
was  based  on  the  incomplete  combustion  of  the  crude  fuel  oil  under  the  boilers  of  Navy 
vessels.  Crude  oil  when  incompletely  burned  (oxygen  deficient)  evolves  a  dense  black 
smoke  that  derives  its  opacity  from  particles  of  colloidal  carbon  floating  in  the  air.  This 
was  done  as  early  as  August  1913,  in  the  course  of  United  States  Navy  maneuvers  off 
Long  Island. 

During  World  War  II,  a  method  of  smoke  generation  was  developed  based  on 
the  formation  and  dissemination  of  minute  oil  particles  by  a  vaporization-condensation 


♦Type  classification.  Identifies  the  life  cycle  status  of  a  materiel  system  by  the 
assignment  of  a  type  classification  designation  and  records  the  status  of  a  materiel 
system  in  relation  to  its  overall  life  history  as  a  guide  to  procurement,  authorization, 
logistical  support,  assets,  and  readiness  reporting. 
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mechanism.  At  that  time  the  Ml  and  M2  smoke  generators  as  well  as  smoke  pots  were 
developed  during  this  time  frame  using  the  oil  vaporization-condensation  process. 
Appendix  A  lists  the  location,  type  of  munition,  and  amount  of  fog  oil  used  during  World 
War  II. 


B.  Description  of  Dissemination  Modes. 

There  are  various  modes  of  disseminating  an  oil  smoke/obscurant.  The 
primary  technique  used  for  dispensing  an  oil  smoke  is  by  mechanical  generator  systems, 
which  vaporizes  the  petroleum  distillate  and  disseminates  it  by  means  of  a  fuel  driven 
engine.  Other  techniques  or  modes  would  be  the  Vehicle  Engine  Exhaust  Smoke  System 
(VEESS)  and  smoke  pots.  The  VEESS  diverts  diesel  fuel  from  its  fuel  tank  and 
disseminates  a  vaporized  smoke  cloud  with  its  exhaust.  Smoke  pots,  however,  vaporize 
their  fog  oil  payload  by  superheating  the  fog  oil  to  the  vaporization  point  and  allowing  it 
to  escape  through  an  open  valve. 

Smoke  generators  (i.e.  M3A3,  M32,  XM16,  and  XM52)  and  the  VEESS  are 
considered  to  be  devices  of  the  LASS  (Large  Area  Screening  System)  category  while  the 
smoke  pots  (i.e.  AN-M7  and  AN-M7A1)  provide  small  area  screens  and  supplement  other 
smoke  sources  by  filling  holes  in  screens  and  helping  to  rapidly  establish  screens. 
Detailed  data  pertaining  to  standard  M3  smoke  generators,  together  with  operating  and 
maintenance  instruction,  are  given  in  TM3-1040-202-12.  Information  including  operating 
and  maintenance  Instructions  on  the  M32,  Smoke  Generating  Subsystem,  Heiicopter  and 
on  the  AN-M7,  and  AN-M7A1,  Floating  Smoke  Pots  is  given  in  TM3-1040-253-13  and  TB- 
CML-100  respectively.  Data  on  all  of  these  smoke  disseminators  are  tabulated  in 
table  1. 


The  most  desirable  particle  size  for  a  visible-region-effective  oil  smoke  cloud 
ranges  from  0.5  to  1.0  micron.  The  small  drops  of  oil  scatter  light  rays  and  produce  a 
smoke  which  appears  to  be  white.  Actually  an  individual  droplet  would  be  transparent 
under  magnification.  The  droplets  are  produced  as  soon  as  the  vaporized  oil  passes 
through  the  nozzle  of  a  thermal  generator  and  is  cooled  by  the  surrounding  air.  The  air 
cools  the  oil  vapor  so  quickly  that  only  very  small  drops  are  formed.  The  average  size  of 
the  drop  is  influenced  by  the  concentration  of  the  condensing  vapor  and  the  rate  of 
cooling.  Since  the  oil  vapor  is  ejected  from  the  nozzle  at  high  velocities,  large  volumes 
of  air  are  drawn  into  the  vapor  stream.  The  resulting  dilution  and  cooling  produces  an 
enormous  number  of  condensation  nuclei.  The  vaporization-condensation  process  is  not 
dependent  on  the  humidity  of  the  air  for  the  reaction.  The  petroleum  smoke  cloud  is 
very  stable,  and  the  life  of  the  cloud  is  determined  almost  solely  by  meteorological 
conditions.  In  the  past,  the  average  field  concentrations  of  oil  smoke  have  been 
considered  harmless  to  exposed  personnel.  The  smoke  is  not  corrosive  to  most  metals, 
plastics,  or  fabrics. 

The  materials  primarily  used  in  smoke  generators  to  produce  smoke  are  low 
viscosity  petroleum  .distillates,  referred  to  as  fog  o.Us  and  diesel  fuels.  Fog  oil?  have  two 
standard  grades,  SGF  (standard  grade  fuel)  No.  1  and  SGF  No.  2.  SGF  No.  1  has  a  higher 
viscosity  and  is  used  when  the  atmospheric  temperature  is  40°F  or  above;  SGF  No.  2  is 
used  when  the  temperature  is  between  “15°  and  40°F.  Below  “15°F,  a  mixture  of  SGF 
No.  2  and  wax-free  kerosene  has  been  used  in  the  past.  Current  Army  usage  consists 
primarily  of  SGF  No.  2  for  year-round  smoke/obscurarion  use. 
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Table  1.  Dissemination  Modes  of  Oil  Smoke/Obscurants 
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•Denotes  the  primary  type  of  smoke/obscurant  used  for  that  system. 


Recent  advances  in  technology  introduced  the  use  of  diesel  fuel  as  a 
smoke/ obscurant.  The  use  of  diesel  fuel  will  eliminate  the  necessity  for  an  extra  storage 
tank  on  combat  vehicles  for  fog  oil,  since  these  vehicles  are  powered  by  diesel  fuel.  The 
VEESS  allows  a  tank  or  other  vehicle  to  divert  some  of  its  fuel  to  a  vaporizer  built  onto 
the  vehicle.  The  fuel  is  then  vaporized  into  a  dense  smoke  cloud  and  emitted  with  the 
vehicle  exhaust.  Standard  diesel  fuels  used  are  DF-1  (winter  grade),  DF-2  (summer 
grade),  DF-A  (arctic  grade),  and  DF-Referee  grade  (minimum  quality). 

Polyethylene  glycol  (PEG  200),  a  nonhydrocarbon,  is  being  evaluated  and 
tested  by  R&D  as  a  candidate  for  use  as  a  safe  training  smoke.  PEG  200  can  be 
substituted  in  most  of  the  smoke  producing  devices  that  use  fog  oil  or  diesel  fuel.  It  has 
been  used  principally  to  compare  its  smoke  quality  and  its  persistency  relative  to  fog  oil 
and  diesel  fuel,*  The  persistency  of  PEG  200  was  found  to  be  similar  to  fog  oil  and 
greater  than  diesel  fuel. 

C.  Types  of  Petroleum  Smokes/Obscurants. 

The  two  principle  types  of  petroleum  base  snr.oke/obscurants  are  fog  oils  and 
diesel  fuels.  Within  these  two  groups  are  subgroups  or  grades  that  will  be  defined.  PEG 
200,  a  polyalcohol  rather  than  a  petroleum  base  hydrocarbon,  will  also  be  covered  in  this 
report  since  it  is  a  candidate  to  replace  the  petroleum  based  material.  The  following 
sections  on  physical  properties  were  modified  after  a  fashion  and  incorporated  in  this 
report  from  volume  4  of  8  of  the  Liss-Suter  Problem  Definition  Studies  on  Selected  Toxic 
Chemicals.^ 


1,  Fog  Oil  Properties. 

As  previously  stated  fog  oils  have  a  relatively  low  viscosity  and  consist 
of  two  grades,  SGF  No.  1  and  SGF  No.  2.  The  property  requirements  for  both  SGF  No.  1 
and  SGF  No.  2  are  defined  by  Military  Specification  MIL-F-12070B.^ 

There  is  no  constant  composition  for  any  petroleum  product.  The 
composition  of  diesel  fuels,  fuel  oils,  SGF  No.  1,  SGF  No.  2,  lubricating  oils,  and  others 
will  vary  from  product  to  product  and  sample  to  sample.  Crude  oil  source  and  refining 
processes  are  important  in  producing  these  variations. 

Crude  oils  are  complex  mixtures  containing  thousands  of  paraffinic, 
cycloparaffinic  and  aromatic  hydrocarbons,  small  amounts  of  sulfur  compounds,  nitrogen- 
containing  compounds,  and  other  impurities.  Crude  oils  from  around  the  world  are 
classed  as  paraffinic,  naphthemic  or  asphaltic  depending  on  whether  the  residues  left 
after  distillation  are  high  in  paraffins,  cycloparaffins,  or  aromatics;  within  these 
classifications  there  is  wide  variation  from  source  to  source.^ 

The  treatment  crude  oil  undergoes  at  the  refinery  also  affects  its 
composition.  Catalytic  cracking  and  related  conversion  processes  favor  the  formation  of 
oiefins,  aromatics,  and  branched  paraffins  at  the  expense  of  other*  types  of 
hydrocarbons.  On  the  other  hand,  solvent  treating  or  refining  removes  aromatics, 
cycioparaffins,  and  olefins  contained  in  cracked  oils.'^ 


♦The  persistency  of  a  smoke  cloud  is  inverseiy  proportional  to  the  vapor  pressure. 
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(a)  SGF  No.  I.  Distillation  range,  specific  gravity,  viscosity  and  pour 
point  are  very  important  in  determining  hydrocarbon  composition.  Of  these,  only 
distillation  range  and  pour  point  appear  to  contribute  significantly  to  limiting  the 
composition  of  SGF  No.  1  (a  maximum  viscosity  is  specified,  but  this  high  value  is  not 
usually  attained  in  products  within  this  boiling  range).  SGF  No.  1  is  broadly  defined,  and 
therefore,  wide  variation  in  composition  is  possible.* 

SGF  No.  1  corresponds  in  distillation  range  to  other  middle 
distillate  fuels,  such  as  diesel  fuel  and  fuel  oils  No.  1  and  2.  Other  properties  are  also 
consistent  with  these  fuels.  It  likely  comes  from  a  feedstock  originally  destined  to  be 
one  of  these  fuels,  but  it  differs  from  diesel  fuel  as  a  minimum  in  that  SGF  No.  1  is 
almost  pure  hydrocarbon  since  it  contains  no  additives.  SGF  No.  1  is  also  higher  in 
viscosity  than  SGF  No.  2  and  is  therefore  considered  the  summer  grade  fog  oil.  However, 
it  has  been  progressively  eliminated  from  Army  smoke  program  usage  and  storage 
quantities  have  been  reduced  to  nil,  because  it  was  found  that  SGF  No.  2  will  serve  Army 
needs  the  year  round. 

(b)  SGF  No.  2.  The  SGF  No.  2  sold  to  the  US  Army  is  drawn  from  a 
lubricant  stock  of  raw  material  from  various  industries.  It  is  a  light  viscosity  lubricant, 
sometimes  called  "100  pale  oil"  because  it  has  a  viscosity  of  100  Saybolt  Universal  units 
(SSU)  at  100®F  (equivalent  in  viscosity  to  a  Society  of  Automotive  Engineers  (SAE)  20- 
grade  motor  oil)  and  is  a  pale  or  straw-colored  liquid.  In  addition  to  the  sources  of 
variation  mentioned  above,  the  composition  of  SGF  No.  2  is  subject  to  further  variation, 
because  oil  companies  will  draw  from  whatever  stocks  are  available  to  fill  an  order 
which  fits  the  requirements  of  the  Military  Specification. 

The  SAE  motor  oils,  especially  SAE  10  or  SAE  20,  correspond  in 
viscosity  to  SGF  No.  2  and  have  a  varying  hydrocarbon  content.  One  analysis  revealed 
2.6  mg/100  ml  of  ben2o(a)pyrene  in  fresh  motor  oil.  However,  the  presence  of  additives 
in  commercial  lubricating  oils  makes  them  dissimilar  to  SGF  No.  2,  which  is  additive 
free,  but  since  the  constituents  are  primarily  the  same,  analyses  of  motor  oils  may  be 
comparable. 


SGF  No.  2,  being  a  light  lubricating  oil,  is  similar  in  most  respects 
to  automotive  lubricants  and  some  industrial  lubricating  oils  of  similar  viscosities.  These 
oils  generally  have  a  boiling  range  of  300-800®C.  The  hydrocarbons  constituting  these 
oils  generally  contain  20-50  carbon  atoms.  Based  upon  viscosity,  SGF  No.  2  is  made  up 
mainly  of  hydrocarbons  in  the  molecular  weight  range  of  240-420  atomic  units. 

After  the  lubricant  oil  stock  is  obtained  from  fractional  distillation 
it  is  deasphalted  to  remove  constituents  which  would  contribute  to  carbon  residue.  At 
this  point  it  consists  of  aromatic,  cycloparaffinic  and  mixed  aromatic-cycloparaffinic 
hydrocarbons,  which  contain  paraffinic  side  chains  (often  7-20  carbon  atoms  in  length). 
The  content  of  aromatic  rings  in  untreated  lubricating  oil  fractions  generally  varies  from 
10  to  30%,  although  40%  has  been  reported.  However,  the  aromatic  hydrocarbons  of 
lubricating  stocks  produce  poor  viscosity  characteristics,  and  many  are  unstable  toward 
oxidation,  which  transforms  them  into  resinous  and  asphaltic  products.  These  aromatic 
hydrocarbons  may  be  extracted  by  various  solvents.  The  remaining  oil  is  enriched  in 
branched  paraffins  and  cycloparaffins. 

These  oil  distillates  normally  contain  only  up  to  10%  normal  and 
branched  alkanes.  Typical  paraffins  present  would  contain  about  25  carbon  atoms,  with 
at  least  one  paraffinic  side  chain,  C4  or  longer,  in  the  middle  of  the  molecule. 
Cycloparaffins  with  up  to  four  5-membered  or  6-membered  rings  per  molecule 
predominate.^ 
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2.  Diesel  Fuel  Properties. 


Diesel  fuel  is  a  very  complex  mixture  of  hydrocarbons  containing  small 
quantities  of  additives.  Some  diesel  fuel  is  obtained  directly  from  the  fractional 
distillation  of  crude  petroleum  oil;  the  fuels  under  investigation  correspond  to  that 
fraction  boiiing  approximateiy  in  the  range  of  160-371°C.  Fuels  produced  in  this  manner 
are  termed  "straight  run"  distillates  by  the  petroleum  industry.  The  "straight  run" 
distillate  usually  contains  a  high  proportion  of  normal  alkanes  relative  to  branched  chain 
alkanes  and  aromatic  compounds;  it  is  this  high  n-alkane  content  which  makes  it  valuable 
as  a  diesel  fuel.^  Additives  may  also  be  present  in  very  small  quantities  to  improve 
combustibility  (alkylnitrates),  reduce  corrosion  of  storage  containers  (surfactants), 
reduce  gum  formation  (mixed  surfactant),  or  act  as  antioxidants  (aromatic  amines  or 
phenols). 


Diesel  fuels  come  in  four  grades.  The  first  two  are  products  of  the 
middle  distillate  oils.  They  are  used  in  high-speed  engines  such  as  tractors,  trucks,  and 
buses.  Other  grades  of  diesel  fuel  are  more  viscous,  containing  blends  of  higher-boiling 
distillates  and  some  residual  (nonvolatile)  fuels.  These  are  used  in  low-speed  engines 
operating  with  sustained  loads  at  constant  speeds  such  as  large  marine  and  railroad  diesel 
engines.  The  acceptance  criteria  and  sp>ecifications  for  these  fuels  are  outlined  in 
Federal  Specification  VV-F-800C  and  Military  Specification  M1L-F-46162B  (ME) 
respectively. 


(a)  Arctic-grade  diesel  fuel  oil.  DF-A  is  intended  for  use  in  high-speed 
automotive-type  diesel  engines,  gas  turbine  engines  other  than  aircraft,  and  pot-type 
burner  space- heaters,  in  areas  where  ambient  temperatures  lower  than  -32°C  generally 
occur,  and  where  it  is  impractical  to  maintain  dual  storage  capabilities.  This  grade  of 
diesel  fuel  should  not  be  used  for  slow-speed  stationary  engine  applications. 

(b)  Winter-grade  diesel  fuel  oil.  DF-1  is  intended  for  use  in  high-speed 
automotive  diesel  engines  and  gas  turbine  engines  other  than  aircraft,  in  areas  where 
ambient  temperatures  as  low  as  -32®C  may  occur.  This  grade  of  diesel  fuel  may  be  used 
fo-  medium-speed  stationary  engine  applications  where  fuel  heating  facilities  are  not 
available. 


(c)  Regular-grade  diesel  fuel  oil.  DF-2  is  intended  for  use  in  all 
automotive  high-speed/ medium-speed  engine  applications  and  gas  turbine  engines  other 
than  aircraft,  for  use  in  moderate  temperate  climates. 

(d)  Referee  grade  diesel  fuel  represents  the  minimal  or  marginal 
quality  level  which  can  be  procured  under  VV-F-800C  while  meeting  all  of  its 
requirements.  It  is  designed  to  be  equivalent  to  the  quality  ,  of  OCONUS  distillate 
production  or  that  production  available  in  times  of  national  emergency.  It  is  used  for 
research,  development  and  proof  testing  to  assure  that  all  diesel  fuel-consuming 
equipment  wiil  perform  adequately  with  all  diesel  fuels  procured  under  VV-F-800C. 

3.  PEG  200  Properties. 

Polyethylene  glycols,  high  molecular  weight  polymers,  are  dihydroxy 
derivatives  of  the  paraffins  with  the  general  formula  H(OCH2CH2)n  OH.  The  "n"  may 
range  from  one  to  a  large  number  yielding  a  molecular  weight  from  200  to  10,000.  PEG 
200,  a  liquid  of  mean  molecular  weight  200,  is  the  lowest  member  of  the  series  to  be 
generally  considered  as  a  polyethylene  glycol,  and  with  this  polymer,  "n"  is  approximately 
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equal  to  4.  The  physical  state  of  PEG  200  is  that  of  a  water-white  odorless  liquid.  PEG 
200  has  an  extinction  coefficient  that  is  relatively  close  to  that  of  fog  oil  and  diesel  fuel 
which  gives  it  a  screening  ability  equivalent  to  fog  oil  and  makes  it  almost  twice  as 
effective  as  diesel  fuel  in  screening  length.  The  heat  of  vaporization  is  slightly  higher 
for  PEG  200  than  for  fog  oil  or  diesel  fuel. 

PEG  200  was  selected  for  consideration  as  a  smoke/obscurant  because  of 
its  potentially  less  hazardous  nature  relative  to  fog  oil  and  diesel  fuel.  It  was  selected  on 
the  basis  of  established  medical  and  toxicological  data,  in  particular,  its  use  as  a  safe 
food,  drug,  and  cosmetic  additive;  and  the  fact  that  many  of  the  glycois  have  been 
accepted  for  use  in  the  medical  treatment  of  certain  respiratory  diseases,  (e.g.,  as  a 
medicinal  carrier  to  the  inner  reaches  of  the  lungs.) 

Polyethylene  glycols  in  general  are  bland  and  of  low  order  toxicity.  They 
are  extensively  used  in  industry  as  lubricants,  plasticizers,  binders,  and  for  other  similar 
applications.  In  the  pharmaceutical  industry,  they  cure  widely  used  as  components  of 
water-soluble  ointment  bases,  soluble  dressings  for  wounds,  carriers  for  penicillin,  sulfa 
drugs,  eund  peroxides,  and  in  suppositories  where  they  serve  as  the  base  and  the  carrier. 
In  cosmetics  they  are  used  in  skin  conditioning  creams,  aqueous  hair  dressing,  and  as 
solvents  for  dyes  used  in  lipsticks. 

Significant  physical  and  chemical  properties  of  the  three  primary 
military  smoke-producing  liquids  are  listed  in  table  2.  Tabulated  information  giving 
physical  and  chemical  properties  of  fuels  that  correspond  to  SGF  No.  1,  DF-A,  DF-1,  and 
DF-Referee  Grade  is  included  in  the  CHRIS  data  sheets  found  in  appendix  6  along  with 
the  previously  referenced  military  requirements  specifications. 

D.  Effects  of  Climatic/Geologic  Conditions  on  Dispersion  Clouds. 

The  effects  of  weather,  particularly  wind  speed  and  direction,  and  terrain 
conditions  are  important  factors  to  be  considered  in  smoke  screening  operations.  The 
movement  of  smoke  depends  upon  the  speed  and  direction  of  the  wind.  Wind  direction 
and  velocities  are  important  when  estimating  the  amount  of  smoke  producing  equipment 
and/or  fog  oil,  diesel  fuel,  and  PEG  200  required  for  smoke  operations.  Other  factors  to 
be  considered  are  temperature,  temperature  gradient,  humidity,  precipitation,  and  cloud 
cover.  Refer  to  appendix  C  for  further  details. 

E.  Dissemination  Models. 

A  computer  analysis  of  downwind  airborne  concentrations  of  screening 
aerosols  emitted  by  the  XM16,  3EDSS,  the  device  which  disseminates  the  greatest 
volume  of  vaporized  fog  oils  as  compared  to  the  other  generating  systems,  is  provided  in 
appendix  D.  As  with  any  computer  model,  predictions  are  functions  of  several  variable 
environmental  parameters,  including  wind  speed  and  direction,  temperature,  atmospheric 
stability,  and  terrain.  An  important  assumption  of  this  analysis  is  that  diesel  and  fog  oil 
screening  aerosols  -because  of  their  small  droplet  size  (1  micron)  cind  low  specific  gravity 
-  will  not  settle  beyond  a  20-meter  arc  about  the  jet  engine,  but  will  remain  airborne 
until  evaporation  (conversation  with  R.  O.  Pennsyle,  Sytems  Development  Division,  April 
1982).  This  important  assumption  is  theoretically  sound  but  requires  experimental 
verification.  Presently  the  Chemical  R&D  Center,  is  developing  a  computer  program 
that  will  predict  possible  deposition  rates,  however,  these  rates  will  be  so  minute  that 
deposition  will  be  negligible.  Although  the  XM16,  JEDS5,  disperses  the  greatest  volume 
of  oil  smoke  screening  material  by  vaporization,  modeling  of  the  XM52  smoke  generator 
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Table  2.  Significant  Physicai  and  Chemical  Properties  of  the  Three 
Primary  Current  US  Smoke-Producing  Liquids. 

LIQUID  POLYETHYLENE 

PHYSICAL  FOG  OIL  DIESEL  FUEL  GLYCOL  200 

PROPERTY  (SGF-2)  '  {DF-2)  (PEG-200) 


Density  (3  60OF,gm/cm^ 

0.920 

0.850 

1.127 

Density  @  60®F,  deg, 

22.4 

35.5 

NA 

API 

Mean  Vapor  Pressure 

(§  25°C,  mmHg 

1.6  X  10-^ 

2.5  X  10-^ 

2.9  X 

Viscosity,  (centistokes) 

@32°F 

300.0 

8.3 

230.0 

@60°F 

80.0 

5.0 

80.0 

@1000F 

22.5 

2.9 

24.0 

@210°F 

3.5 

1.2 

4.3 

Characterization 

Factor,  K 

11.4 

11.7 

NA 

Mean  Average  Boiling 

Point,  ®F 

700.0 

510.0 

590.0 

End  Point  Distilla- 

tion  Temp,  °F 

870.0 

650.0 

770.0 

Mean  Specific  Heat  of 

Liquid,  from  70°F 

to  Mean  B.  Pt., 

BTU/lb  op 

0.58 

0.55 

0.72 

Heat  of  Vaporization 
@  Mean  B.  Pt., 

BTU/lb 

92.0 

104.0 

160.0 

Mean  Molecular 

Weight,  Ib/lb-mole 

300.0 

205.0 

201.0 

Heat  Required  to 

Vaporiz^ 

BTU/gaF^ 

3,565.0 

2,515.0 

5,235.0 

♦From  a  liquid  initially  at  70°F  to  a  vapor  having  a  superheat  at  20°F.  (The  comparable 
value  for  water  is  9340  BTU/gal.) 
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which  has  a  lower  dispersion  ability  is  also  included  in  appendix  D.  Both  models  were 
computed  for  a  one-minute  dispersion  period.  This  approach  feciiitates  calculations  of 
downwind  exposures  following  any  operation  cycle  (e.g.,  simply  multiply  baseline 
estimates  by  the  number  of  minutes  per  trial).  In  addition,  peak  concentrations  (in 
milligrams/cubic  meter)  are  easily  obtained,  since  for  one-minute  time  periods 
concentration  and  dosage  parameters  (milligrams  x  minutes/cubic  meter)  are  identical. 

These  models  calculate  and  plot  downwind  dosages  of  aerosol  smoke  clouds. 
While  safety  criteria  was  established  using  Threshold  Limit  Values  (TLV),*  a 
determination  of  hazardous  distances  using  TLV  on  these  models  requires  conversion 
from  concentration  to  dosage.  The  TWA  (time  weighted  average)  for  healthy  adult 
humans  exposed  to  oil  aerosols  in  an  ericlosed  building  is  5  mg/m'^and  the  STEL  (short 
term  exposure  limit)  value  is  10  mg/m^.  The  TWA  value  is  a  concentration  based  on 
chronic  exposures  for  8-hour  work  days,  5  days  a  week.  Since  these  values  are  for 
concen*rations  of  indoor  chronic  exposures,  they  are  not  that  relevant  to  the 
smoke/obscurant  program,  but  may  be  used  to  approximate  health  and  safety  criteria  for 
exposed  personnel  working  in  the  smoke  clouds  of  the  various  disseminators. 

III.  REGULATORY  ASPECTS 

A.  Resource  Conservation  and  Recovery  Act. 

The  Resource  Conservation  and  Recovery  Act  of  1976  (RCRA),  Public  Law 
(PL)  94-580,  is  the  statuatory  basis  for  federal  regulation  of  solid  and  hazardous  waste. 
US  Environmental  Protection  Agency  (EPA)  has  promulgated  regulations  implementing 
RCRA  (40  CFR  260-264;  265-267)  that  identify  and  provide  management  requirements 
for  the  disposal  of  solid  and  hazardous  wastes  and  promote  resource  conservation  and 
recovery.  The  regulations  list  approximately  400  hazardous  chemical  wastes  and  85 
process  wastes.  If  not  specifically  listed,  a  waste  may  be  hazardous  if  it  exhibits  one  of 
the  following  characterisitics:  (as  defined  by  the  regulation)  reactivity;  corrosivity; 
ignitability,  or  toxicity.  State  and  local  regulations  may  impose  more  stringent 
requirements  not  present  in  the  federal  regulations. 

These  waste  fog  oils  and  diesel  oils  do  not  display  any  of  the  RCRA  hazardous 
characteristics  and  are  not  listed  by  RCRA.  These  oils  are  not  contaminated  with 
pollutants  such  as  PCBs  but  are  strictly  waste  to  be  recycled  through  Defense  Property 
Disposal  Office. 

B.  Toxic  Substance  Control  Act. 

The  Toxic  Substance  Control  Act  (TSCA)  of  1976  (PL94-469)  mainly  addresses 
the  commercial  manufacture,  use,  and  distribution  of  chemical  substances.  The  act 


♦Threshold  limit  values  (TLV's)  are  published  by  the  American  Conference  of 
Governmental  Industrial  Hygienists,  and  refer  to  airborne  concentrations  of  substances 
believed  safe  to  "nearly  all  workers"  following  repeated  daily  exposure.  The  two 
categories  of  TLV  referenced  above  are  specified  as  follows: 

(a)  TLV-TWA,  "the  Time  Weighted  Average  concentration  for  a  normal  8-hour 
workday  or  40-hour  work  week. 

(b)  TLV-5TEL  (Short  Term  Exposure  Limit),  "a  maximal  allowable  concentration, 
or  ceiling,  not  to  be  exceeded  at  any  time  during  the  15-minute  excursion  period. 
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authorizes  EPA  to  obtain  premanufacture  toxicity  testing  and  the  generation  of 
sufficient  data  on  a  chemical  to  predict  any  environmental  hazards  associated  with  its 
production  or  use.  A  manufacturer  must  notify  EPA  ”0  days  prior  to  commercial 
production  of  a  new  chemical  substance. 

The  use  of  smoke  munitions  by  the  Army  for  testing  and  training  should  not 
be  effected  by  TSCA  because  present  smoke  materials  were  developed  before  TSCA 
became  effective  and  were  inventoried  on  the  initial  TSCA  Inventory  list  (45  FR  505444, 
29  3uly  80). 


C.  Clean  Air  Act. 

The  Clean  Air  Act  (CAA),  PL88-206  as  amended,  establishes  National 
Ambient  Air  Quality  Standards  (NAAQS)  for  the  control  of  criteria  air  pollutants  to 
prevent  adverse  effects  to  national  air  resources  and  to  protect  human  health  and  the 
environment.  Among  criteria  pollutant  standards,  those  most  likely  to  affect  the 
smoke/obscurants  program  are  presented  in  table  3.  Until  recently  the  emission  of 
hydrocarbons  was  regulated  by  the  NAAQS,  however,  on  30  December  1982  the 
hydrocarbon  national  ambient  air  quality  standard  was  rescinded  by  the  EPA.  According 
to  the  EPA,  because  no  consistent  quantitative  relationship  between  ambient  air  ozone 
concentrations  and  hydrocarbon  air  quality  levels  exists,  the  original  basis  for  the 
hydrocarbons  standard  could  not  be  justified. 


Table  3 

Federal  Ambient  Air  Quality  Standards  for  Certain  Criteria  Poilutants 


Chemical 


Particulate  Matter 


Ozone 


National  Standards 

(A)  75  yg/m-*  annual  geometric  mean. 

(B)  260  yg/m^  -  maximum  24-hour  concentration 
not  to  exceed  more  than  once  per  year. 

0.12  parts  per  million  (235  yg/m^).  The  standard  is 
attained  when  the  expected  number  of  days  per  calen¬ 
dar  year  with  maximum  hourly  average  concentrations 
above  0.12  parts  per  million  (235  yg/m’)  is  equal  to 
or  less  than  1 


Undet*  the  CAA,  the  country  is  divided  into  247  air  quality  control  regions 
(AQCRs)  to  provide  basic  geographical  units  for  air  pollution  control.  States  are  required 
to  prepare  State  Implementation  Plans  (SIPs)  to  implement  and  enforce  criteria  pollutant 
standards  in  those  regions.  State  standards  are  often  more  stringent  than  federal 
standards,  and  vary  from  one  AQCR  to  another.  AQCRs  that  have  attained  the  NAAQS 
for  a  criteria  pollutant  are  considered  to  be  in  "attainment"  for  that  pollutant.  AQCRs 
in  violation  of  NAAQS  for  a  criteria  pollutant  are  considered  "non-attainment"  for  that 
pollutant.  Most  standards  specify  two  types  of  limitations  -  long-term  standards  which 
cannot  be  exceeded  on  an  annual  average  and  short-term  exposures  which  cannot  be 
exceeded  for  brief  periods  (e.g.,  3  hours  and/or  24  hours).  By  definition,  when 
smokes/obscurants  are  used  in  training  and  testing,  the  standards  for  certain  criteria 
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pollutants  may  be  temporarily  exceeded  in  the  area  of  the  test  or  training  site.  The 
Army  environmental  coordinator  at  the  test  or  training  site  should  be  consulted  for 
coordinating  the  smoke  exercises  with  the  local  regulatory  agencies  for  permits  or 
variances  as  required. 

D.  Federal  Regulations  Governing  Oil  and  Hazardous  Substance  Release 
into  the  Environment. 

Control  of  discharges  of  oil  and  hazardous  substances  into  the  environment 
are  detailed  in  Federai  Water  Pollution  Control  Act  (FWPCA)  (PL95-576)  and  the 
Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  of  1980 
(CERCLA)  (PL96-5iO).  Section  311  of  FWPCA  describes  requirements  for  handling  of 
spills  of  oil  and  hazardous  substances.  A  spill  is  defined  as  the  release  or  discharge  of 
regulated  pollutants  not  covered  by  permit  by  pumping,  pouring,  emitting,  emptying, 
leaking  or  dumping.  Harmful  quantities  of  a  hazardous  substance  are  defined  as  any 
discharge  that  violates  state  water  qu<ility  standards  adopted  by  the  state  and  approved 
by  EPA  pursuant  to  Section  303  of  FWPCA.  An  oil  spill  is  defined  as  that  which  causes  a 
film  or  sheen  upon  the  surface  of  water  or  adjoining  shorelines. 

EPA  has  promulgated  regulations  under  the  FWPCA  which  identify  and 
establish  reporting  requirements  for  approximately  270  hazardous  substances.  Reporting 
requirements  are  based  on  harmful  quantities  as  defined  by  the  regulation. 

Each  Army  installation  with  the  capability  for  a  release  of  a  reportable 
quantity  of  oil  or  hazardous  substance  to  the  environment  is  required  pursuant  to  AR 
200-1  to  prepare,  maintain,  and  implement  a  Spill  Prevention  and  Countermeasure 
Control  (SPCC)  Plan  and  an  Installation  Spill  Contingency  Plan  (ISCP).  These  plans 
establish  procedures  to  prevent  spills  and  to  ensure  prompt  reporting,  containment,  and 
cleanup  of  spills.  Procedures  for  spill  events  are  outlined  in  Army  Regulation  200-1,  15 
3uly  1982. 

CERCLA  also  establishes  reporting  requirements  for  the  release  of  hazardous 
substances  into  the  environment  including  land,  air,  and  water  when  the  release  occurs  in 
amounts  equal  to  or  greater  than  the  reportable  quantity.  .Hazardous  substance  as 
defined  by  CERCLA  includes  any  substance  designated  or  listed  in;  FWPCA,  Sections 
307  and  311;  RCRA,  Section  3001;  CAA,  Section  112;  and  TSCA,  Section  7.  Reportable 
quantity  for  any  hazardous  substance  is  one  pound  unless  otherwise  specified  in  Section 
311  of  the  FWPCA. 

E.  Hazardous  Materials  Transportation  Regulations. 

1 .  Department  of  Transportation  (DOT)  Regulations. 

Under  federal  act  this  agency  formulates  the  regulations  for  safe 
transportation  of  hazardous  materials,  poisonous  substances,  explosives,  and  other 
dangerous  articles.  These  regulations  are  binding  upon  all  carriers  engaged  in  the 
transport  of  the  above  mentioned  hazardous  material,  and  are  in  accordance  with  the 
best  known  practices  for  assuring  safety  in  transit.  These  regulations  also  include 
requirements  for  packing,  marking,  handling,  and  loading  of  the  hazardous  materials  to 
be  transported  or  shipped.  Modes  of  transportation  covered  by  the  regulation  are  as 
follows: 
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(a)  Surface  and  Air  Carriers.  Regulations  of  the  DOT  governing  the 
safe  transportation  of  hazardous  and  explosive  articles  by  surface  and  air  modes  are  in 
accordance  with  Title  49,  Code  of  Federal  Regulations,  parts  171-179. 

(b)  Water  Carriers.  All  commercial  water  carriers  transporting 
hazardous  materials  are  governed  by  the  DOT  regulations  as  specified  in  Title  46,  Code 
of  Federal  Regulations,  part  147. 

2.  Military  Regulations. 

Explosives  and  other  dangerous  articles  shipped  or  transported  by  the 
military  services  are  subject  to  the  applicable  regulations  of  the  military  service 
involved.  Modes  of  transportation  covered  by  the  regulations  are  as  follows: 

(a)  Surface  Carriers.  AR  55-355  regulates  the  movement  of  military 
cargo  within  the  United  State  by  commercial  vehicle. 

(b)  Air  Shipments.  TM  38-250  regulates  the  safe  transport  of 
hazardous  articles. 

(c)  Water  Shipments.  AR  55-228  regulates  shipment  and  transport  of 
dangerous  and  hazardous  articles  by  water  in  conjunction  with  the  US  Coast  Guard 
regulations. 


3.  Other  T ransportation  Regulations. 

In  addition  to  the  federal  laws  governing  the  transportation  of  flammable 
and  hazardous  materials,  each  state  and  nearly  all  municipalities  have  laws  or  ordinances 
regulating  the  transportation  of  hazardous  articles  within  their  jurisdiction.  Fog  oil  and 
diesel  fuel  are  classified  as  combustible  liquids  and  should  be  handled  as  fuel  oils.  The 
transportation  or  shipment  of  fog  oil  and  diesel  fuel  is  regulated  by  the  federal  regulation 
expressed  in  table  4. 


Table  4.  DOT  Hazardous  Materials  (CFR  49,  172. lOi) 


Name 

Hazard 

Class 

Labels 
Ident  No. 

Packing 

Section 

Required 

Maximum 

Net 

of  CFR  49 

Quantity 

Fuel  Oil 
(diesel  oil 
and  fog  oil) 

Combustible 

liquid 

UN1201 

None 

None 

No  limit 

F. 

Other  Acts. 

Regulations  on  endangered  species  or  historic  preservation  a'-e  primarily  site- 
specific.  Installation  environmental  quality  coordinators  should  be  contacted  to 
determine  if  these  regulations  are  applicable. 


IV.  TOXICITY  DATA/STUDIES  OF  PETROLEUM  DISTILLATES  AND  PEG  200 


A.  Human  (Mammalian). 

Long-term  exposure  of  humans  to  petroleum  distillate  smoke  screens  had  not 
been  fully  documented  in  the  past.  According  to  the  data  gathered  in  the  Liss-Suter 
reports,  short-term  meuicai  records  from  World  War  II  reportedly  revealed  no  indications 
that  smoke  generator  unit  personnel,  or  military  operating  in  constant  smoke  screens  for 
long  periods  experienced  any  illness,  carcinogenic,  or  mutagenic  effects  related  to 
exposure  to  fog  oil  smoke  screens.^  Additionally,  there  was  no  indication  that 
precautions  had  been  taken  to  avoid  exposure  at  that  time. 

The  toxicological  data  of  vaporized  oil  clouds  and  PEG  200  are  compiled  in 
appendix  £.  Since  research  data  of  fog  oil  and  diesel  fuel  was  not  extensive  in  the  past, 
toxicological  data  of  similar  oils  such  as  mineral  oil  is  also  included.  The  majority  of 
toxicity  data  pertaining  to  petroleum  distillates  compiled  in  the  past  addressed  liquids  or 
combustion  by-products  rather  than  vaporized  clouds.  Most  Army  oil  smoke  systems 
depend  upon  vaporization-condensation  rather  than  combustion,  however,  the  VEESS 
diverts  diesel  fuel  from  its  fuel  tank  and  disseminates  a  vaporized  smoke  cloud  with  its 
exhaust.  Studies  conducted  by  Callahan  et  ai.,  evidenced  that  the  toxic  components  of 
the  combinant  smoke/exh^ust  cloud  appear  to  be  in  the  diesel  fuel  combustion  gases  and 
not  as  much  in  the  vapor. 

As  stated  in  MIL-F-12070B,  contained  in  appendix  B,  fog  oils  shall  not  contain 
additives,  however,  diesel  fuels  may  contain  additives  and  a  significant  amount  of  the 
toxicological  properties  associated  with  diesel  fuels  may  be  attributed  to  these 
additives.  These  additives  are  regulated  in  accordance  with  Federal  Specification,  VV-F- 
800C  and  Military  Specification,  MIL-F-46162B(ME),  also  contained  in  appendix  B,  and 
may  be  required  for  various  reasons  including  utilization  as  antioxidants,  cetane 
improvers,  corrosion  inhibitors,  and  fuel  system  icing  inhibitors.  A  small  amount  of 
impurities  may  also  be  found  both  in  fog  oils  and  diesel  fuels  but  are  regulated  for 
acceptance  criteria  in  accordance  with  the  above  regulations. 

Oil  in  the  lungs  may  cause  edema,  pneumonia,  and  possibly  other  diseases. 
Chronic  industrial  exposures  of  oils  and  oil  mists  have  been  implicated  in  causing 
dermatosis  (SGF  No.  1)  and  dermatosis  plus  tumors  of  skin,  respiratory  tracts,  and  larynx 
(SGF  No.  2),  however,  whether  this  is  due  to  an  allergic  reaction,  carelessness,  or 
uncleanliness  is  uncertain.  In  industry,  the  recommended  maximum  allowable  TWA 
concentration  of  oil  mist  in  workroom  air  is  5  mg/m’.  Above  this  level,  the  smoke  is 
visible  and  annoying,  however,  lubricating  oil  concentrations  up  to  402  mg/m^  have  been 
reported  in  some  shop  environments.  Unprotected  individuals  exposed  to  concentrations 
of  this  level  for  a  short  period  of  time  demonstrated  no  reaction.  Experimental  animals 
exposed  to  chronic  inhalation  of  fog  oil  mists  and  diesel  fuel  mists  showed  some  toxic 
effects.  Some  of  the  toxic  effects  after  exposure  to  these  petroleum  distillates  include 
pneumonia,  nasal  hemorrhaging,  convulsions,  skin  and  pulmonary  tumors,  hair  loss,  and 
death  as  evidenced  in  appendix  E. 

Starek  et  al.,  conducted  acute  oral  toxicity  studies  with  diesel  oil  on  rats. 
They  determined  the  oral  LD50  be  16.0  ml/kg  for  rats.'  Nau.  Neal  and  Thornton 
evaluated  the  inhalation  toxicity  of  Q  pCi2  aromatic  distillates  on  various  mamrrials 
and  determined  an  acute  LC^g  of  4600  mg/m-^  for  rats  exposed  for  seven  hours  to  the 
aromatic  distillate.  They  also  exposed  rhesus  monkeys  to  C]|-C|2  aromatic  distillates 
for  7  hr/day,  5  days/week,  for  13  weeks  and  observed  subletnal  effects  on  the  monkeys 
such  as  eye  and  skin  irritation  at  levels  of  300  mg/m’. 
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SGF  No.  1  has  been  shown  to  be  moderately  toxic  to  rhesus  monUeys. 
Lushbaufth  et  al..  conducted  inhalation  toxicity  studies  on  rhesus  monkeys.  The  monkeys 
were  exposed  to  63  mg/m^  of  SGF  No.  I  aerosol  for  30  minutes  and  ti>en  30  minutes  of 
room  air  for  343  days.  Five  of  the  seven  monkeys  exposed  died  within  100  days. 

Wagner,  Wright  and  Stoklnger^®  studied  the  inhalation  toxicity  of  miner^  oil 
on  several  mammals  and  found  that  hamsters  and  rabbits  exposed  to  100  mg/m  of 
mineral  oil  for  6  hours  a  day,  5  days  a  week,  for  26  months  exhibited  no  major  lung  tissue 
response. 

PEG  200  exhibited  the  lowest  toxicity  of  the  liquid  smoke  materiais  under 
investigatlctft.  Sprague-Dawley  rats  received  oral  doses  of  5.0  ml/kg  of  PEG  200  daily  for 
13  weeks.  No  adverse  effects  were  reported.  Crook,  Hott  and  Weimer  conducted 
PEG  200  inhalation  stutUes  on  rats  and  mice  for  six  hours  and  observed  no  toxic  effects 
at  levels  of  2516  mg/m^.  Nau  et  al.,  conducted  inhalation  studies  of  Cj-C^o  aromatic 
distiUate  on  rats  and  found  an  acute  LC50  of  14,400  m«/m^  after  7  hours. 

B.  Flora. 

Toxicity  studies  of  petroleum  distillate  smoke  clouds  have  not  been 
completed  on  flora.  Personnel  of  the  US  Army  Medical  Bioengineering  Research  and 
Development  Laboratory  (USAMBRDL),  Fort  Detrick  are  tasked  to  establish  the 
environmental  fate  of  fog  oil  and  diesel  fuel.  There  is  some  information  on  the  effect  of 
oil  base  sprays  on  vegetation.  Petroleum  oil  sprays  on  fruit  and  citrus  orchards  are 
insecticidal  to  some  species,  and  may  be  moderately  phytotoxic.  Leaf  spotting, 
premature  fall  of  leaves,  bark  injuries,  root  injuries,  stunting,  reduced  fruit  yield, 
premature  fruit  drop,  and  oil  penetration  into  fruit  have  been  reported.^  Oil  application 
to  leaves  of  turnips,  onions,  and  other  vegetables  results  in  oil  contamination  of  their 
edible  roots.  Oil  sprays  also  caused  leaf  scorching  and  spotting  in  foliage  trees,  and 
inhibit^  photosynthesis  in  banana  tree  leaves  when  sprayed  at  a  concentration  of  84 
pg/cm^  on  leaf  surfaces. 

Some  studies  have  been  done  on  the  toxicity  of  oils  to  aquatic  plant  life, 
however,  this  information  was  based  on  data  gathered  from  oil  spills  or  mock  spills.  Data 
on  the  toxicity  of  fuel  oils  to  algae,  phytoplankton  and  bacteria  are  presented  in  appendix 
F.  Gordon  and  Prouse  found  the  19.8  yg/1  of  No.  2  fuel  oil  in  water  inhibited  the 
photosynthesis  of  certain  marine  phytoplankton  communities.  Other  studies  indicated 
effects  such  as  no  growth  or  producing  a  lag  phase  in  growth  of  cultures. 

C.  Wildlife. 

The  literature  available  on  the  toxic  effects  of  oils  on  wildlife  have  been 
generated  from  oil  spills.  The  data  on  the  effects  of  oils  on  waterfowl  are  presented  in 
appendix  G.  Hartung  and  Hunt  observed  sublethal  effects  on  ducks  with  intragastric 
diesel  fuel  doses  of  3-12  ml/kg.  Although  there  is  some  information  on  the  effect  of  oil 
base  sprays/mists  used  as  a  vehicle  for  herbicides  and  insecticides,  there  is  no  data 
available  specifically  on  the  toxicity  of  oil  smokes  to  wildlife.  As  a  pesticide,  oil  sprays 
are  effective  primarily  because  they  starve  the  pest  or  unwanted  organism  from 
acquiring  the  necessary  oxygen  required  for  respiration.  This  is  achieved  mainly  because 
the  droplet  size  of  these  pesticides  is  several  times  iarger  than  the  standard  Army 
petroleum  base  smoke/obscurants  and  tends  to  settle  and  adhere  to  these  organisms. 


D.  Aquatic  Toxicity. 

Oil  spills  on  aquatic  environments  (orm  a  film  on  the  surface  of  bodies  of 
water.  These  films  are  subjected  to  evaporation,  biotransformation,  dissolution  in  water 
and  bioconcentration  in  aquatic  organisms.  Some  of  the  petroleum  hydrocarbons,  mostly 
the  aromatic  naphthalenes,  dissolve  in  water.  Tainted  fish  and  shellfish  result  when  oil  is 
concentrated  in  their  flesh.  Wind,  waves,  and  bottom  sediment  movement  spread  oils  in 
the  marine  environment,  destroying  bottom  plants  and  animals,  reducing  the  stability  of 
the  seabottom  and  causing  erosion  and  further  spread  of  oil.  Bacterial  transformation 
and  photooxidation  of  oils  contaminating  aquatic  environments  lead  to  a  more  rapid 
depletion  of  the  aliphatic  hydrocarbons  than  the  polycyclic  aromatic  compounds,  which 
can  form  tar-like  deposits  in  bottom  sediments.  In  these  environments,  the  oil 
hydrocarbons  are  persistent  poisons,  resembling  DDT,  PCB,  and  other  synthetic  materials 
in  their  longevity.  The  hydrocarbons  enter  the  marine  food  chain  and  are  concentrated  in 
the  fatty  parts  of  the  organisms.  They  can  be  passed  from  prey  to  predator,  where  they 
may  become  a  hazard  to  marine  life  as  well  as  humans. 

The  effects  of  an  aerosolized  oil  smoke  cloud  on  aquatic  ecosystems  have  not 
been  undertaken,  however,  as  the  model  illustrates  deposition  shouid  be  negligible.  The 
films  created  by  oil  spills  are  drastic.  Aquatic  toxicity  data  of  such  fuel  oils  and 
lubricating  oil  spills  are  presented  in  appendix  H  (the  reference  to  individuals  and  studies 
performed  are  taken  from  the  reference  column  of  this  appendix).  This  evidences  the 
worst  possible  situation  that  may  arise  from  the  use  of  petroleum  base  products  and  not 
that  of  the  dissemination  of  a  smoke  cloud. 

Anderson  et  al.,  conducted  toxicity  tests  on  fish  with  No.  2  fuel  oil  and  found 
a  96-hr  TLm  of  3.9  mg/1  to  the  silverside  (Labidesthes  sicculus).  Rossi  et  al.,  exposed 
various  marine  annelids  to  No.  2  fuel  oil  and  found  96-hr  TLm  values  as  low  as  2.3  mg/1. 
Mollusks  were  found  to  be  sensitive  to  oil  in  water,  Byrne  and  Calder  exposed  Quahaug 
clam  eggs  to  No.  2  fuel  oil  dissolved  in  water  and  determined  a  4S-hr  LCcq  of  0.43 
mg/1.  Oacobsen  and  Boylon  found  that  4  yg/1  of  kerosene  which  is  similar  to  diesel  fuel, 
dissolved  in  water  interfered  with  the  food  -  finding  behavior  of  the  snail  (Nas^arius 
obsoletus).  Marine  crustaceans  were  moderately  sensitive  to  No.  2  fuel  oil  dissolved  in 
water.  Anderson  et  al.,  determined  a  48  hr  TLm  of  0.9  mg/1  lo  the  mysid  shrimp. 
Vanderhorst  et  al.,  estimated  a  96  hr  LC^g  to  coon  stripe  shrimp  to  the  0.8  mg/1. 
Barnett  and  Kontogiannis  exposed  to  copepod  (Tigropus  californicus)  to  diesel  fuel  in 
water  and  found  a  100%  96  hr  mortality  at  0.50  htITl 

V.  ENVIRONMENTAL  IMPACTS  OF  FOG  OIL/DIESEL  FUEL/PEG  200  AS 
SMOKE/OBSCURANTS 

A.  Research  and  Development  (R&D)  Phase. 

Army  R&D  is  subdivided  into  two  phases;  Demonstration/Validation  and  Full 
Scale  Development.  During  the  demonstration/validation  phase,  smoke  gene^ration  tests 
are  conducted  at  installations  throughout  the  United  States  and  abroad  that  are  selected 
especially  for  their  climate  and  test  site  ability  (e.g.,  suitable  location,  personnel, 
remoteness,  etc.).  Site  specific  environmental  assessments  are  maintained  at  these 
installations  that  describe  environmental  setting,  include  local  flora  and  fauna,  and  any 
other  features  and  uses  of  the  installation,  such  as  testing  facilities.  Decisions  regarding 
full  scale  development  depend  in  large  part  upon  results  of  Demonstration/Validation 
testing. 
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R&D  of  foj;  oils  and  diesel  fuels  is  not  ongoing  and  is  not  proposed  for  the 
future  because  the  quality  of  their  obscuration  ability  has  been  known  for  some  time. 
Historically,  oil  has  been  used  for  years  as  a  smoke/ obscurant,  however,  improvements  on 
the  process  of  dissemination  by  vaporization  have  been  made.  Fog  oil  and  diesel  fuel  are 
standard  Army  items  that  require  no  further  R&D  work.  Although  PEG  200  has  been 
»jsed  for  smoke  screening  and  as  a  chemical  agent  simulant  in  training  because  of  its 
relatively  nontoxic  rating,  it  is  not  a  standard  Army  smoke  because  of  its  expense  and 
lack  of  approval  for  use  in  field  operations. 

Fog  oil  and  diesel  fuel  smoke/obscurants  are  used  for  the  evaluation  of  smoke 
disseminators  undergoing  R&D  testing.  Although  R&D  of  fog  oils  and  diesel  fuels  is  not 
ongoing,  discussions  of  the  impacts  associated  from  the  use  of  these  materials  in  the 
development  of  hardware  are  generically  addressed  in  this  programmatic  environmental 
assessment.  Specific  impacts  resulting  from  the  development  of  a  particular  smoke 
munition  will  be  addressed  in  more  detail  in  the  Life  Cycle  Enviromental  Assessment  for 
that  item.  Presently,  the  Army  is  testing  the  effectiveness  of  the  XM52  Smoke 
Generator  auid  the  XMi6  3et  Exhaust  Decon/Smoke  System  which  has  a  secondary  smoke 
capability.  The  VEESS  and  M3A3  are  standard  Army  smoke  disseminators,  however,  they 
are  undergoing  reevaluation.  The  VEESS  must  be  evaluated  on  every  vehicle  for  which  it 
is  proposed.  The  M3A3,  smoke  generator  is  presently  undergoing  a  product  improvement 
program  (PIP).  These  two  systems  must  then  be  evaluated  for  their  ability  to 
disseminate  diesel  fuel  and  fog  oil  respectively. 

1.  Alternatives  Considered; 

(a)  Indoor  Testing  or  Reduction  of  Field  Testing  Requirements.  Indoor 
laboratory  and  chamber  experiments  are  used  to  design  and  test  small  scale 
dissemination  prototypes,  however,  full  scale  models  require  outdoor  or  field  testing. 
Many  of  the  measurements  and  evaluations  to  be  gleaned  from  results  of  field  tests  will 
involve  behavior  of  smoke  screens  under  different  meteorological  regimes,  and  reliability 
of  the  equipment  when  operated  for  long  periods  of  time.  While  field  testing 
requirements  could  be  reduced  by  conducting  smoke  tests  indoors,  this  approach  could 
require  costly  and  time  consuming  modifications  to  large  buildings.. 

Attempts  to  limit  the  number  of  diesel  or  fog  oil  screening  tests 
for  development  and  training  would  run  the  risk  of  fielding  a  system  without  adequate 
assessment  of  performance  under  realistic  conditions.  In  view  of  the  importance  of  the 
large  scale  smoke/ obscurant  program  to  Army  needs,  the  risks  associated  with  the 
fielding  of  an  improperly  tested  item  are  too  great  to  justify. 

(b)  Modify  Existing  Systems.  Currently  the  U5  Army  uses  the  M3A3 
smoke  generator  and  the  M7  and  M7A1  floating  smoke  pot:,  ail  of  which  dispense 
aerosolized  fog  oil  as  the  primary  smoke  material.  However,  these  systems  have  several 
limitations.  The  M3A3  must  be  dismounted  from  a  quarter-ton  trailer  before  use,  i.e.,  it 
cannot  function  from  a  moving  vehicle  unless  some  local  creative  engineering  techniques 
are  applied.  A  trailer-mounted  M3A3  cannot  keep  pace  with  armored  or  mechanized 
forces,  and  the  generator  is  quite  vulnerable  to  artillery  fire,  small  arms,  and  automatic 
weapons.  The  M7  series  floating  smoke  pots  carry  small  payloads  that  are  expended  in  8- 
13  minutes.  They  produce  an  oil  smoke  by  using  a  mechanical  fuze  to  ignite  a  fuel  block 
which  in  turn  heats  the  oil  to  vaporization.  In  the  past  fuze  problems  have  prevented 
ignition  of  the  fuel  block,  thereby  disallowing  the  oil  to  vaporize.  Modifications 
necessary  to  improve  these  systems  would  still  require  PIP  testing  resulting  in  the  same 
effect  as  R&D  testing  of  a  new  system.  RicD  of  new  methods  of  screening  with  oil 
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smokes  will  augment  present  capabilities  and  surpass  the  limitations  imposed  by  the 
current  systems. 

(c)  Test  With  PEG  200  Only.  PEG  200  can  be  substituted  in  most  of 
the  systems  that  disseminate  fog  oil  or  diesel  fuel,  although  it  is  not  a  feasible 
alternative  for  the  VEESS  which  utilizes  diesel  fuel  from  its  own  fuel  tank. 

(d)  No  Action  (Do  Not  Develop  New  Systems).  The  need  for  new 
smoke  systems  with  increased  ability  of  obscuration  and  the  resultant  use  of  petroleum 
distillates  to  test  these  systems  is  considered  to  be  urgent.  Thus,  the  "no  action" 
alternative  would  be  inconsistent  with  current  requirements  for  national  security. 

2.  Environmental  Impacts  of  Activities  and  Alternatives. 

(a)  R&D  Test  Impacts.  Much  of  the  evidence  of  impacts  from 
petroleum  distillates  to  natural  ecosystems  is  associated  with  oil  spills,  or  with 
agricultural  damage  following  application  of  oil  sprays  (i.e.  as  oil  droplets  100  microns  or 
more  in  diameter).  In  either  instance,  soils,  plants,  and  other  lifeforms  were  covered  or 
coated  with  oily  films.  Aerosols  of  1  micron  sized  microdroplets  do  not  coat  surfaces 
like  conventional  oil  sprays.  Instead  they  are  expected  to  remain  airborne  and  eventually 
evaporate  or  disperse  as  previously  mentioned  under  the  modeling  section  of  this  report. 
Therefore,  estimated  exposure  rates,  particularly  to  plant  and  soil  communities,  must  be 
interpreted  from  the  available  data  with  caution. 

Under  conditions  described  for  the  models,  in  appendix  D,  airborne 
concentrations  from  the  various  smoke  tests  of  different  smoke  generators  would  tend  to 
remain  within  the  TLV  stated  for  short  distances  downwind,  dependent  upon  the  duration 
of  smoke  emission.  These  concentrations  can  be  expected  to  transiently  affect  other 
natural  populations  in  these  areas. 

Risks,  while  largely  unavoidable  for  some  wildlife,  may  be 
mitigated  by  the  observation  that  certain  species  of  wildlife  (i.e.,  deer,  birds,  etc.)  tend 
to  leave  during  field  testing  and  return  afterwards.  Oral  ingestion  of  quantities  of 
petroleum  distillates  as  illustrated  in  appendices  E  and  G  relates  to  ingestion  of 
vegetation  that  would  be  oil  soaked  or  saturated.  Messerli^^  documented  that  a  cow 
after  accidental  ingestion  of  approximately  7  liters  of  diesel  fuel  demonstrated  ill 
symptoms  for  8  days  before  recovery.  A  ewe  after  ingestion  of  diesel  fuel  soaked  grass 
also  demonstrated  ill  symptoms  as  documented  by  Ranger.  Both  cases  resulted  from 
spills  rather  than  saturation  from  smokes.  Domestic  animals  or  humans  within  exposed 
sections  of  the  test  range  by  timely  posting  and  notification  procedures  can  avoid  these 
areas  thereby  mitigating  the  situation.  However,  resident  rabbit  and  rodent  populations 
are  not  that  transient  and  will  be  subjected  to  these  sublelhal  exposures,  but  as 
evidenced  in  appendix  E  in  conjunction  with  the  model  information  in  appendix  D 
exposures  from  R&D  testing  are  short  term  and  concentrations  would  not  be  high  enough 
to  cause  permanent  population  damage. 

Aquatic  ecosystems  should  be  relatively  unaffected  by  the  oil  once 
it  is  dispersed  as  an  aerosol  smoke  as  evidenced  by  the  modeling  of  oil  smoke  clouds 
(conversation  with  R.  O.  Pennsyle,  Systems  Development  Division,  April  1982).  Site 
specific  ISCP  and  S^CC  plans  govern  the  possible  spill  of  oils  on  post.  These  control 
plans  will  serve  in  mitigating  any  possible  adverse  conditions  that  may  occur  from  oil 
spillage  and  impact  on  aquatic  or  terrestrial  ecosystems. 
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Environmental  impacts  from  noise  as  a  result  of  smoke  generation 
are  from  the  generators.  The  XM16,  a  worst  case  situation  because  of  its  jet-turbine 
engine,  is  capable  of  noise  levels  in  excess  of  140  dB-A.  Test  personnel  are  required  in 
all  cases  to  wear  hearing  protection  devices  within  an  85  dB-A  isopleth,  as  required  by 
AR  200-1.  A  grid  showing  the  85  dB-A  isopleth  distance  for  the  XM16  in  various 
positions  is  included  in  appendix  I.  Other  generating  systems  have  much  lower  dB-A 
levels  and  would  require  a  lesser  distance  for  hearing  protection. 

The  generation  of  smokes/obscurants  impacts  directly  on  local  air 
quality.  The  quality  of  this  air  is  protected  by  federal,  state,  and  local  air  pollution 
control  regulations  as  discussed  in  section  III.  Standards  are  extremely  variable  from 
state  to  state  and  are  usually  written  for  maximum  three-hour  concentrations  not  to  be 
exceeded  more  than  once  a  year.  Notification  of  regulatory  agencies  may  be  required 
for  permits  or  variances  prior  to  smoke  generation  tests/ training. 

The  primary  pollutants  discharged  by  the  generation  of  petroleum- 
based  smokes  (noncombusted)  are  particulates  and  hydrocarbons.  Particulates  generally 
are  not  as  harmful  as  other  pollutants  but  particulate  pollution  is  the  most  visible  and, 
therefore,  tends  to  cause  most  public  concern.  Respirable  size  particulates  can 
aggravate  the  respiratory  systems  of  humans/wildlife  and  may  be  particularly 
aggravating  to  susceptible  recipients  such  as  the  young,  the  old,  and  those  with 
respiratory  problems. 

Major  sources  of  net  particulate  emissions  include  the  construction 
materials  industry,  electric  utilities  (principally  coal-fired  utilities),  fuel  combustion  by 
industrial  boilers,  and  steel  production.^®  These  major  sources  accounted  for  81  percent 
of  the  total  particulate  emissions  for  the  year  1975.  Of  the  81  percent,  construction 
materials  industry  accounted  for  41  percent  and  electric  utilities  for  24  pei^cent.  Other 
undefined  sources  accounted  for  19  percent  of  the  total  net  emissions,  each  of  which 
emitted  less  than  6  percent  of  the  total.  Emissions  based  upon  smoke  testing  account  for 
an  insignificant  amount  of  this  total. 

Urban  air  may  contain  from  50-200  different  hydrocarbons.  Only 
about  15  percent  of  total  atmospheric  hydrocarbon  is  produced  through  human 
activities.  Much  of  the  natural  hydrocarbon  is  methane  arising  from  bacterial 
decomposition  in  swamps  and  other  water  bodies.  Such  natural  hydrocarbon  is  released 
over  wide  areas  and  is  not  usually  a  significant  contributor  to  urban  oxidant  problems. 
Many  hydrocarbons  are  harmful  only  in  high  concentration.  Of  the  net  hydrocarbon 
emissions  in  1975,  more  than  half  were  due  to  transportation,  with  automobile  travel 
accounting  for  60  percent  and  trucking,  40  percent.  These  releases,  through  interactions 
with  nitrogen  oxide  emissions,  probably  contributed  to  major  air  quality  problems,  as 
more  than  three-fourths  of  the  urban  counties  in  the  United  States  failed  to  attain  the 
primary  National  Ambient  Air  Quality  Standard  for  photochemical  oxidants.^® 

Photochemical  oxidants  are  a  class  of  compounds  that  are  the 
products  of  reactions  involving  nitrogen  oxides,  hydrocarbons,  oxygen,  and  sunlight. 
These  strongly  oxidizing  agents,  the  major  constitutents  of  photochemical  smog,  are 
chemically  and  biologically  active  compounds  that  are  potentially  harmful  fo  health  and 
environment.  Since  the  major  toxic  product  of  these  photochemical  reactions  is  ozone, 
air  quality  standards  regarding  photochemical  oxidants  pertain  to  ozone.  Ozone  is  a 
harmful  pollutant  and  is  host  to  a  complex  series  of  continuing  reactions  that  occur  at 
different  rates  of  speed  that  continue  as  long  as  ozone  or  nitrogen  dioxide  and  strong 
sunlight  are  present.  Measures  taken  to  mitigate  the  production  of  these  photochemical 
oxidants  from  the  addition  of  uncombusted  liydrocarbons  to  the  atmosphere  should 
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include  the  imposition  of  restrictions  to  testing/ training  based  on  weather  conditions, 
time  of  year,  location,  etc. 

It  is  possible  that  for  short  periods  of  time  combined  aerosol  and 
exhaust  emissions  from  smoke  generation  tests  may  not  comply  with  emission  standards 
as  defined  in  Title  40,  Code  of  Federal  Regulations,  parts  85  and  87.  However,  as 
evidenced  these  short  burst  emissions  are  not  as  severe  as  the  continuous  emissions  of 
pollutants  by  industry.  Sites  for  smoke  generation  trials  are  chosen  so  that  they  are 
located  as  far  as  possible  from  ecologically-sensitive  areas,  installation  boundaries,  and 
populated  areas. 

(b)  Impacts  of  Alternatives. 

(1)  Indoor  Testing  or. Reduction  of  Field  Testing.  Indoor  smoke 
testing  would  eliminate  certain  environmental  risks  associated  with  field  smoke  testing 
but  at  the  expense  of  creating  other  environmental  impacts  while  preparing  structures  to 
house  such  tests.  Impacts  of  outdoor  smoke  testing  are  not  great  enough  to  justify 
expenditures  for  indoor  testing  of  all  the  various  smoke  generating  systems.  Reduction 
of  field  testing  would  lessen  any  possibility  of  environmental  impacts,  however,  only  by 
increasing  the  possibility  of  fielding  a  system  that  has  been  improperly  tested. 

(2)  ’’Modify”  Existing  Systems.  Modification  of  the  existing 
smoke  generation  systems  would  still  require  PIP  testing.  Field  testing  under  the  PIP 
status  would  have  essentially  the  same  impact  on  the  environment  as  R<5cD  testing  of  new 
smoke  generation  systems,  however,  with  only  a  temporary  improvement  to  an  old 
system  rather  than  an  entirely  new  designed  system. 

(3)  Test  with  PEG  200.  PEG  200  has  been  evaluated 
toxicologically  and  found  to  be  environmentally  safer  than  diesel  and  fog  oils  as  a 
screening  material.  However,  it  is  not  accessible,  is  more  expensive  than  fog  oil  and 
diesel  fuel,  and  is  not  an  approved  standard  Army  item.  Attempts  to  substitute  PEG  200 
for  developmental  testing  would  also  run  the  risk  of  fielding  a  system  without  adequate 
assessment  of  performance  using  petroleum  distillates  for  which  it  is  designed. 

(4)  No  Action.  This  alternative  would  'eliminate  all  direct 
environmental  impacts  associated  with  R&D  testing,  but  is  unacceptable  in  view  of 
current  requirements  for  national  security. 

« 

3.  Recommended  Mitigations. 

(a)  The  Army,  when  tasked  with  R&D  testing,  uses  only  the  minimum 
amount  of  material  necessary  for  evaluation  of  any  system  to  lessen  any  possible 
environmental  impacts.  Additionally,  any  spills  that  may  occur  should  be  kept  to  a 
minimum  since  the  oils  are  transported,  stored,  and  used  in  55-gallon  drums. 

(b)  During  early  phases  of  R&D,  tests  are  primarily  conducted  in  fully 
sealed  environmental  chambers  to  minimize  impact  to  the  environment. 

(c)  Outdoor  testing  is  limited  to  specified  wind  direction  and  speed 
ranges,  specified  lapse  conditions,  quantity  of  material  for  individual  tests,  and  for  total 
quantity  tested  at  a  particular  site  to  minimize  negative  environmental  impacts. 

(d)  All  testing  is  maintained  within  the  guidelines  prescribed  for  each 
site  specific  installation  land  use  plans  and  requirements. 
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B.  Manufacturing/Production  Phase. 


All  fog  oil,  diesel  fuel,  and  PEG  200  are  produced  and  purchased  by  bid  from 
commercial  suppliers  who  are  currently  marketing  these  materials.  Hence,  no  unique  or 
additional  pollutants  would  be  generated.  These  bids  are  funneled  through  the  Defense 
Fuel  Supply  Agency  and  purchases  are  made  upon  a  supply  necessity.  Acceptance 
criteria  are  based  on  the  military  standards  previously  noted  and  handled  by  the  receiving 
agency  for  inspection.  All  of  the  smoke  generators  and  munitions  listed  in  table  1  are 
manufactured  and  supplied  to  the  Army  by  commercial  industry.  Once  the  system  is  in 
full  scale  development  and  the  design  and  producibility  are  acceptable,  the  Army  will 
contract  outside  industry  to  go  into  full  scale  production  of  the  item. 

1.  Alternatives  Considered. 

There  are  no  alternatives  to  be  considered  under  this  phase,  since  the 
Army  does  not  have  access  to  oils  other  than  from  commercial  sources  nor  do  they  have 
the  facilities  for  mass  production  of  smoke  generators.  Assembly  of  metal  components 
and  heat  block  purchased  from,  industry  for  the  production  of  smoke  pots  was  handled  at 
the  Edgewood  Area  of  Aberdeen  Proving  Ground,  however,  that  operation  was 
discontinued  approximately  15  years  ago.  The  "no  action"  alternative  would  be 
inconsistent  with  current  requirements  for  national  security. 


Environmental  Impacts  of  Activities. 


When  industry  is  contracted  by  the  Army  to  supply  services  or  materials 
they  are  required  by  federal  law  to  stay  within  the  guidelines  presented  in  Title  40,  Code 
of  Federal  Regulations,  Part  15  on  the  administration  of  the  Clean  Air  Act  and  the 
Federal  Water  Pollution  Control  Act.  Furthermore,  they  are  required  to  comply  with 
state  and  local  regulations  governing  the  area  in  which  production  occurs.  Impacts 
associated  with  production  lots  should  be  the  same  as  those  discussed  in  the  R&D  section. 


C.  Training  and  Deployment  Phase. 

Smoke  screens  are  used  in  training  to  cover  a  designated  area  or  target  for  a 
specified  time  in  support  of  a  tactical  plan.  No  two  missions  are  likely  to  be  the  same, 
but  the  most  immediate  factors  of  concern  are  the  size  of  the  area  to  be  covered,  the 
nature  of  the  terrain  and  vegetation,  and  the  meteorological  conditions.  The  size  of  the 
area  to  be  covered  obviously  determines  the  amount  of  smoke  needed.  The  smoke 
planner  consults  tables  which  relate  these  factors  to  the  distance  between  generators 
which  in  turn  determines  the  number  of  generators  needed.  The  position  and  shape  of  the 
generator  line  would  be  determined  by  the  terrain.  It  would  be  positioned  several 
hundred  meters  upwind  of  the  target  area  to  be  sure  the  individual  smoke  generator 
streamers  diffuse  and  mix  together  so  that  the  target  is  covered  by  a  screen  of  uniform 
density.  Depending  on  the  mission,  a  dense  cloud  allowing  almost  no  visibility  or  a  light 
haze  allowing  visibility  up  to  100  meters  may  be  required.  As  the  mission  continues  the 
smoke  cloud  is  watched  closely  to  determine  the  adjustments  needed.  If  the  screen  is  too 
dense  generators  are  turned  off  or  moved  farther  apart.  If  the  screen  is  too  thin  the 
generators  are  moved  closer  together,.  Generator  location  is  changed  according  to  wind 
direction.^' 


The  smoke  training  exercises  present  the  students  with  an  area  io  be  covered 
and  the  duration  of  coverage.  The  students  then  plan  and  execute  the  operation  under 
the  supervision  of  instructors.  Up  to  48  generators  may  be  used  per  exercise  depending 
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on  the  type  of  generator  used  snnd  the  area  to  be  covered.  A  training  exercise  usually 
requires  making  smoke  for  approximately  two  hours.  Smoke  material  used  is  primarily 
SGF  No.  2;  diesel  fuel  Is  used  when  training  with  the  VEESS.  PEG  200,  is  also  used 
occasionally,  as  a  simulant,  for  safe  troop  training  purposes.  As  the  exercise  progresses, 
the  instructor  would  carefully  observe  the  cloud  and  the  meteorological  conditions  with  a 
view  toward  terminating  the  exercise  should  smoke  be  likely  to  effect  areas  outside  the 
designated  exercise  area. 

1.  Alternatives  Considered. 

(a)  Train  Indoors  or  Modify  Training  Requirements.  Initial  classroom 
training  to  familiarize  troops  with  smoke  environments  is  standard,  however,  full  scale 
training  is  conducted  outdoors.  Modifications  to  large  buildings  would  reduce  the  amount 
of  smoke  training  conducted  outdoors,  but  would  require  a  potentially  costly  and  time 
consuming  effort.  Attempts  to  limit  the  number  of  diesel  or  fog  oil  training  exercises 
would  run  the  risk  of  fieiding  troops  without  adequate  assessment  of  performance  under 
realistic  conditions.  In  view  of  the  importance  of  the  large  scale  smoke/obscurant 
program  to  Army  needs,  risks  associated  with  fielding  improperly  trained  troops  would  be 
too  great  to  justify. 

(b)  Train  With  PEG  200  Only.  PEG  200  can  be  substituted  in  most 
systems  that  disseminate  fog  oil  or  diesel  fuel,  although  it  is  not  a  feasible  alternative 
for  the  VEESS  which  utilizes  diesel  fuel  from  its  own  fuel  tank.  Training  with  PEG  200 
could  be  used  for  essentially  all  the  oil  disseminating  systems. 

(c)  No  Action  (Do  Not  Train).  The  need  for  qualified  troops 
knowledgable  of  smoke/obscurants  is  considered  to  be  urgent.  Thus,  the  "no  action" 
alternative  would  be  inconsistent  with  current  requirements  for  national  security. 

2.  Environmental  Impacts  of  Activities  and  Alternatives. 

(a)  Present  Training  Impacts.  Since  training  and  testing  occur  u'  much 
the  same  type  of  environment,  impacts  to  the  environment  resulting  from  training  with 
smoke  generating  devices  will  be  similar  to  those  impacts  resulting  from  testing  the 
devices  and  are  addressed  in  Section  VA. 

(b)  Impacts  of  Alternatives. 

(1)  No  Action  Alternative.  This  alternative  v/ould  eliminote  all 
direct  environmental  impacts  associated  with  training,  but  is  unacceptable  in  view  of 
current  requirements  for  national  security. 

(2)  Train  Indoors  or  Modify  Training  Requirements.  Indoor 
smoke  training  would  eliminate  certain  environmental  risks  associated  with  field  smoke 
training,  but  at  the  expense  of  creating  other  environmental  impacts  while  constructing 
structures  to  house  such  training.  Impacts  of  outdoor  smoke  training  are  not  nearly  great 
enough  to  justify  expenditures  for  indoor  training  of  all  the  various  smoke  generating 
systems  and  the  subsequent  training  program  delays  pending  construction.  Additionally, 
reduction  in  training  requirements  would  be  unacceptable  in  view  of  current 
requirements  for  national  security. 

(3)  Train  with  PEG  200.  PEG  200  has  been  evaluated 
toxicologically  and  found  to  be  environmentally  safer  than  diesel  fuel  and  fog  oils  as  a 
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screening  material.  Although  it  is  approved  by  the  Surgeon  General  for  troop  training 
exercises,  it  is  more  expensive  and  not  as  accessible  as  fog  oil  and  diesel  fuel  and  is  not 
an  approved  standard  Army  item.  Substituting  PEG  200  for  troop  training  would  run  the 
risk  of  fielding  troops  without  adequate  training  with  petroleum  distillates  for  combat 
situations. 


3.  Recommended  iMitigation. 

(a)  Select  appropriate  weather  conditions  which  for  the  most  part 
confine  the  cloud  to  the  military  reservation,  (i.e.,  Do  not  deploy  during  air  pollution 
episode  alerts). 


(b)  Range  Control  should  receive  notification  of  smoke  use  in  order  to 
assure  dispersion  of  use  over  time  and  space.  When  a  pattern  of  excessive  usage  appears, 
coordination  with  the  unit  commander  should  be  sufficient  to  resolve  it.  Areas  and 
conditions  for  potential  use  should  be  precisely  stated  in  range  regulations,  and  the  areas 
should  be  as  large  as  possible  to  reduce  concentrations.  Areas  of  heavy  use,  particularly 
those  areas  near  aquatic  systems,  should  be  monitored  periodically  for  ecological 
changes.  This  implies  that  there  be  some  precise  description  of  such  areas  before  smoke 
use  as  a  "baseline"  comparison.  Regulations  and  training  should  also  address  the  matters 
of  proper  munition  or  generator  use  to  prevent  contamination  from  improper  usage  and 
fire  damage  from  burning  munitions.^® 

(c)  Before  major  use  of  smoke  munitions.  Range  Control  should 
coordinate  with  or  notify  appropriate  Air  Pollution  Control  Authority,  Post  Fire 
Department,  Post  Forester,  airfield  control  tower,  and  other  appropriate  specified 
agencies.  "Major"  use  which  would  trigger  these  actions  is  defined  as  use  of  mechanical 
smoke  generator  (M3A3),  helicopter- mounted  smoke  generating  subsystem  (M52),  or  more 
than  three  smoke  pots.  Road  guards  should  be  provided  as  necessary  under  any  use  by  the 
unit  carrying  out  the  training,  in  order  to  provide  warning  at  cloud  limits  along  military- 
use  roads.  A  ground  or  air  monitor,  with  positive  communication  with  the  operators 
controlling  the  cloud  generator,  to  physically  track  the  downwind  edge  of  the  cloud 
should  also  be  used  during  major  use  and/or  if  the  cloud  is  drifting  near  a  reservation 
boundary  or  civilian-use  areas. 

(d)  Individuals  with  respiratory  conditions,  including  histories  of 
asthma  or  cardiac  conditions,  severe  facial  acne,  or  any  active  dermatitis  should  be 
evaluated  by  a  medical  officer  before  being  allowed  to  participate  in  smoke  field 
training.  Preventive  masking  procedures  specified  by  Forces  Command  (FORSCOM) 
should  be  followed. 

(e)  Smoke  training  area?  would  be  sited  to  avoid  nesting  areas  of 
endangered  wildlife. 

D.  Transportation  and  Storage. 

As  previously  stated  petroleum  distillates  are  purchased  from  commercial 
industry  in  a  liquid  state.  They  are  shipped  in  accordance  with  Title  49,  Code  of  Federal 
Regulations  primarily  by  trucks  in  55-gallon  drums.  The  demand  for  fog  oil  has  been 
approximately  6400-6500  drums  per  year.  It  is  centrally  managed  by  the  Defense 
General  Supply  Center  (DGSC),  Richmond,  VA.  It  is  then  allocated  to  and  stored  at  five 
designated  Defense  Logistics  Agency  (DLA)  storage  areas  iocated  near  the  prime  user 
installations  in  the  United  States.  Diesel  fuel  on  the  other  hand  is  purchased  by  the 
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Defense  Fuel  Supply  Agency  and  shipped  directly  from  the  supplier  to  the  user.  Shipping 
is  handled  entirely  fay  the  supplier  until  it  reaches  the  designated  site. 

All  transportation  is  done  in  accordance  with  the  regulations  in  the  regulatory 
section  of  this  report.  Storage  is  in  compliance  with  Title  29,  Code  of  Federal 
Regulations,  Part  1910.106  under  OSHA  regulations  for  storage  of  flammable  liquids  and 
under  military  regulations,  AR  200-1  and  AMCR  385-100.  Site  specific  SPCC  and  ISCP 
(Installation  Spill  Contingency  Plzuns)  further  the  control  and  cleanup  of  possible  spills 
that  may  occur  on  post. 

When  the  industry  is  contracted  by  the  Army  to  supply  services  or  materials 
they  are  required  by  federal  law  to  comply  with  guidelines  presented  in  Title  40,  Code  of 
Federal  Regulations,  Part  15  on  the  administration  of  the  Clean  Air  Act  and  Federal 
Water  Pollution  Control  Act.  Furthermore,  they  are  required  to  comply  with  any  state 
and  local  regulations  governing  the  area  in  which  shipping  occurs. 

Once  procured  by  the  Army,  impacts  that  may  occur  from  storage,  such  as 
leakage  or  spillage,  will  not  be  major.  Since  the  largest  storage  containers  for  these 
petroleum  distillates  are  primarily  55-gallon  drums,  spills  should  result  in  only  local 
minimal  impacts.  Spills  would  be  reported  immediately  as  indicated  in  the  Regulatory 
Section  of  this  report. 

E.  Demil/Disposal  Phase. 

Diesel  fuel,  fog  oil,  and  PEG  200  are  used  until  the  supply  is  depleted.  Any 
excesses  beyond  the  requirement  for  an  exercise  are  returned  to  storage  or  disposed  of  in 
accordance  with  DOD  4160.21-Ml-l  and  AR  200-1;  as  amended  and  supplemented.  State 
and  local  requirements  that  pertain  to  the  disposal  of  oils  are  also  applied. 
Conversely  when  Army  tactical  weapons  and  equipment  are  no  longer  useful  or  becomes 
obsolete,  they  are  demilitarized  in  accordance  with  established  Department  of  Defense 
(DOD)  procedures.  Detailed  demilitarization  and  disposal  protocols  are  required  for  each 
developmental  item  before  type  classification.  Demil/disposai  procedures  for  smoke 
generators  are  outlined  in  item  specific  environmental  documents.  The  US  Army 
Armament,  Munitions  and  Chemical  Command  (AMCCOM),  Maintenance  &  Defense 
AmmunitiOTs  Directorates  are  responsible  for  all  demil/disposal  df  items  in  accordance 
with  existing  directives.  Unique  disposal  problems  will  be  the  responsibility  of  the 
appropriate  AMCCOM  directorate  to  initiate  the  resolution  updating  the  disposal 
procedure  in  order  to  conform  with  current  disposal  standards,  techniques,  and  other 
influencing  conditions.^^ 

1.  Alternatives  Considered. 

The  decision  not  to  demilitarize  or  dispose  of  an  item  would  require 
storage  at  individual  installation's  Defense  Property  Disposal  Office  (DPDO).  Therefore 
there  are  no  alternatives  to  be  considered.  ’ 

2.  Environmental  Impacts  of  Activities. 

Barring  exposure  to  lethal  chemical  agents  in  a  wartime  environment, 
environmental  risks  associated  with  typical  disposal  procedures  of  oils  and  smoke 
generating  hardware  should  be  minimal.  Most  items  will  be  recycled  or  salvaged, 
however,  those  impacts  that  may  occur  from  disposal,  including  incineration  of  waste 
oils,  are  maintained  within  the  limits  set  forth  in  the  previous  regulations. 
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VII.  CONCLUSIONS 

In  general,  the  toxicological  effects  and,  by  extension,  environmental  impacts 
reported  from  exposure  to  oil-base,  visual  screening  agents  have  resulted  from  either 
high  dose  rates  (e.g.,  7  liters  of  diesel  fuel  fed  to  a  cow),  or  protracted  periods  of 
exposure  (e.g.,  CAF,  JAX  mice  exposed  to  a  100  mg/m-*  aerosol  for  6  hr/ day,  5  days/wk 
for  16  months  with  ’’equivocal  evidence  of  altered  rate  of  lung  tumor  formation  in  this 
tumor-susceptible  species”).  This  is  not  to  imply  that  the  screening  agents  are  Innocuous 
compounds,  for  they  are  not.  Potential  environmental  hazards  during  field  tests  and 
training  exercises  will  be  the  product  of  complex  interactions  between  a  host  of  physical, 
chemical,  physiological,  and  ecological  factors  and  must  be  examined  site  specifically. 
Many  hazards  and  impacts,  however,  can  be  easily  negated,  controlled,  or  mitigated  as 
discussed  in  Section  V, 

If  equipment  operators  take  proper  precautions  to  preclude  inhalation  and  topical 
exposures,  then  health  hazards  for  operators  or  test  personnel  would  be  cancelled.  If 
tests  are  conducted  in  areas  remote  from  civilian  dwellings  or  communities,  then  public 
health  hazards  would  be  averted.  If  aquatic  systems  are  avoided,  potential  impacts 
would  be  circumvented;  if  they  can  not  be  avoided,  then  wind  vectors  and  periods  of 
atmospheric  instability  could  be  selected  to  mitigate  impacts.  Exercises  will  be 
conducted  on  areas  dedicated  to  military  testing  and  training  thus  there  are  no 
inconsistencies  with  land-use  policies.  Most  emissions  would  not  release  the  tremendous 
quantities  of  screening  agents  for  the  protracted  periods  of  time  resulting  in  dose  rates 
that  elicited  toxicological  symptoms  in  some  laboratory  animals.  Wind  vectors  will  vary 
during  periods  of  test,  therefore,  screening  will  be  diluted.  Furthermore,  as  the  models 
were  computed  so  that  downwind  concentrations  could  be  interpreted  and  the  STEL  and 
TWA  values  located  downwind,  it  is  shown  that  these  concentrations  respectively  impact 
approximately  at  560  meters  and  900  meters  downwind  from  the  XM52  and  3000  meters 
and  5000  meters  downwind  from  the  XM16,  making  the  impacts  local  in  nature 
(concentrations  should  be  insignificant  at  this  distance  downwind).  Exposures  at  each 
site  would  be  intermittent. 

The  program  will  not  significantly  affect  the  quality  of  the  human  environment. 
An  Environmental  Impact  Statement  is  not  required  and  a  Finding  of  No  Significant 
Impact  will  be  published  in  accordance  with  Title  40,  Code  of  Federal  Regulations,  Part 
1508.13. 
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Appendix  A 


A6 


Lingayen  "  Jan  -  ?  45 

Gulf,  P.l. 


Location  of  the  first  employment  of  a  World  War  11  tactical  screen. 

Tactical  haze  screen  first  developed  and  used  at  Anzio.  Also  represents  the  first  extensive  daylight  operation. 
Both  haze  and  port  screens  employed  at  Leghorn. 

All  Mediterranean  and  European  screens  hereafter  were  tectical  area  screens  and  usually  haze  screens. 
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APPENDIX  B 

Properties  and  Regulations  Governing  Petroleum  Distillates 
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<iiviiat|e  If  pmMt 
<'«U  firv 

4*«Mf  rMnrf  wiik  hquid 

Wtoir  »(itf  ifww»>  AicWtvd  fmifvul 

Noiils  locri  W«ltk  p«>nutioM  (oRifol  ^enon 


EitmfwMi  with  dn  chraikti.  fiitm  w  cMbpw  dn%M« 
Wtifi  |R>««  ^  iwffrrtnt  n*  five 
CmI  CMiainm  tnlb  wMrt 


CALt  Foil  MEDICAL  AID 
UQUB> 

ceniMiinaifd  rloiliitM  md  ihiwk 

5^5  iiSJlf*  •**^  •'**» 

Am  »KIW  drMk 

DO  NOT  INDUCE  VOMITING 


Expoaurc 


Waut  S3jr2J3E!r“'‘’‘*'"-~-~ 
***>****»"■*■ 

V^INIflOfl  N(Mir>  ImM  Mib  Md  •iUtifr  offkiMft 

ttoMf  cpmian  «f  mttkn  matfi  miakn 


i.  FtKE  HAZARDS 

41  ViMhMM:  tOO*FCC 
4  7  HwAAMild  LIwiNa  In  4lri  0  71  s^ 

4.3  ht*  RaMntuliMiif  AfwiK  l)i  i  ihvn»vji. 

(cMm.  ot  vvrtkin  dwtidr 

e«  ^IlHAtuttMAf  A«mMNMI*WUh4: 

1A«ier  m4v  he  iiirlf«ctt«e 

4.S  tf  f tmtmtun  rrortiwii 

Sot  pertinent 

4  8  Ni  FlTK  Sot  pertinent 

4.7  IgoNttn  TdWtftfUieK  444*  f 
44  RImMmI  Hudr*  Nitt  pcrtineni 
4.0  tMfiOmNlt  4mfn/min 


7.  CHEMIUL  DEACTIlin 

7.1  NMMMIraMiWMw;  n.,mciio« 

7.2  RMC<Ml(BMieMMM*ltal(tWK 

No  rtKiion 

7.3  ttefclHy  Durtm  Tf  Stable 

74  AcMdand 

CauMleA:  Nm  pertinent 
7*8  ^O^fOIOllOdHdAt  Not  pertinent 

7.4  HMMloe  •!  DotyfntfitMlM:  Koi  peritneni  I 


I.  HATCI  rOllUTION 

4  1  AMwalto  TdilcHr 

•VOO  ppm/24  hi  r  nlucpill/^|.in/fre«h  »4iet 
4  7  W«lw4*«l  TditeHy;  Date  not  Jieilehlr 
4  3  lidlfUtl  0»y— w  Pomutf  (tOO); 

Mi  'dels 

4  4  FMdCNdlfteonednlrdHMMIOfrtM: 

None 


f.  SCLCCTEO  MAHUFACTURERS 
AiUntic  KiChrield 
711  Fifth  Ave 
'xir*  YorV.N  V.  10022 
Shell  Oil  Co. 

I  Shelt  Pta/a 
HoirUon.  Tex.  77001 
SunOit  Co. 

Si.  Davids.  Pa.  I90K7 


20.  SHIRRING  INFORMATION 

101  OrMMtfDweHm  Liphl  hydrocerbon 

ditiiltelj;  10(71 

10.7  4lM«»T«itMeMvrK  AmWni 

10.3  NkMl  AtfiiM^lMrae  No  ret|uiremeni 

10.4  VMMnf:  Open  (flame  erretter) 


No  harard  lahcl  rct)uif«d  b> 
Code  of  Federal  Repaljtions 


A.  OSSEIVAILC  CNARACrCRISTfCS 

^Nflcl  »W  im  *N>pH)T  LK)»id 
C^tAR  CcdortesMolifhtbrtion 
OMat  Charactertvlic 


t.  KSRONSC  TO  DISCHAMSE 

idmAnMMtaaiamaMMmeaOTa  C044«.4i 

Meebanieal  euntammeni 
Sfttmid  he  removed 
Chemical  and  phivieal  neatmem 


3.  CHCaiCM.  DnitMTIOTS 

3  1  iFMMyfiiK  Jp-f 

Keroveric 

Acrovinr 

A  aof  e  oti 

3  7  C«««l  amr4  Cwupwaw,  CliHlc««.»: 

Maccguraii  liydrocuboa  nntwa 
3  3  CMmluirwmirit; 

3  4  >Mcg/UtiHMNaHaiMNunwic« 

OMlrwHaii;  J  J/122. 


3.  HULIH  HUAIDS 

5 .  ^ 

5  5  •h^rt.TdfmNiMI.HmUlllte  Data  nm  available 
54  Orad<I.Lf>.V|t,/kj 

A  7  Laid Tdtl«%t  Data  nut  avaitahl« 

“  '~;srr.‘.';rrr.;T:r;;:,::r,r-’-'' . — 

"  .  . . . - 

5  to  Oder  ThraaNoM:  i 


n.  HAZARD  ASSESSMENT  CODE 


U.  HAZARD  CUSSIFICATIONS 

12-1  Ca^aalPatfaralNeViilMM 

CembuetiWe  LidttM 

17.7  MA4  Maaari  Ra«Nt  lar  M  Walar 


Fire  .  . 

Heahh 

V'api'f  Irrii^nt 
Lnjoidor  Snlid  Irniant 
Poison» 

Haiet  Pulluiinfl 
Human  Tttvicil> 

A«|oaiic  Toviviiv 
Aevihfin,  l.fffci 
Keactivrtv 
Oiher  CbemK'aU 
1A  atei 

.Self-Keaciion 

17.3  HFPA  Haaard  ClaaalHcatlefia: 

Caitfonr  eia 

Health  Harard  (Bluei 
Flammabilil)  (Red) 

Atactivtiti  (Velio*! 


II.  PHYSICtL  IND  CHEMIMl  PIOPEIIIItS 
131  runJcMSMtitlfCpfigiatoi:  LiquMl 
13  7  MdKMw  W«I«M;  No.  peninmi 

13.3  DoWnf  PeM  M 1  MepK  jgQ  5fiO*F 
•  143-  293*C  -  4M.  5M,*K 
13  4  Praeilfif  pdif^>  ..45,9. 55*^ 

•  -4)io-4l'C»  2)Olo22S*K 
13$  CmiealTarfipaiahife;  Sot  pert, nvni  I 

13.6  CiWcal  Praaawrae  Notpenmeni 
fj.7  SpacMeOravitF:  0.11  O  iSail^'C 
tiniuid) 

13.4  LNiuWtwtoeeTMalMi:  23  )2dsn«v.E;m 
■0.023  0.0)2  N/m  at  20*t 
13.9  LIquM'Walee  NilerlacW  Tanalon; 

•7  •  49d>nes/«m  ■  0(347  owvs  m 

at  20*C 

13  10  Vap»r(Oaft)S|McmeQravnr; 

Soi  periinem 

13.11  Nalt«o(Spect)leHaataotV<^oriQM): 

Sot  periineni 

13  12  Laiani  Haal  at  Vaperliatien: 

1 10  Biu.  lh  •  Mltfal/^i  ■  2  5  K  lit'  !  ij.- 

13.13  Haal of COfflbuaHofi:  - (k,i4tl fbu  (b 

•  - 10.300  cjl/p  ■  -4.11.24  X  M>'  j  Vj; 

13.14  M«rt.lD»«mpo.lll«n;  Nu,  p„„n,m 

13.15  Itoal  al  lUullM:  Noi  p„nneni 

13  16  44Ml«<r«l|niMtluHM:  No, 


if(Mhvvatf««Mfi  iMae. 
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RSVISEO  197': 


OILS,  MISCELLANEOUS;  LUBRICATING 


CM  fN* 

AimiM  I  Wrti  l^wd 


iMiH  wM  nmmt 

Nattfv  IMI  hNM  Nd  PMUIMMI  tMIt*)  afCMon 


CkIWfMll  villi  irf  clwmteBl.  foM  «  «A«ii 
>ii«m  M)r  br  mentruM  m  An. 

.  CmI  ccunlmw  viih  vaitt 


CALL  rot  MEDICAL  AID. 

UOOtD 

Wnw*  M  ihn  awd  »*«a. 

UnnMtfwntowd. 

tnunr  fwiawnnd  rliiiliiag  anit  ihnn 

FImA  affnwd  mm  vtdi  pimy  •! 

IF  IN  CVC$.  h»U  nuMi  9pfm  and  AihIi  wiili  fUnty  •(  vaM. 

IF  SWALLOWED  mi  «lr<Mi  la  CONSCWUl  km  vktMi  Mnk  «a(tr 
•raNII 

DO  NOT  INDUCE  VOMTIWC 


f.  riiC  HA2AIDS 

■41  FUMFbMl  i 

■ti  FlMMMWt  llmlU  In  Air  ()4ia  nui  .ivaOjMr 

■4S  FkA  IfMnfiAiMnt  Atnnto:  OrichemKal. 

ItMm,  iH  i^rlHin  tliokidv 

84  fki  tiNAtMMWw  AfuM  M#l  In  kn  U— d; 

Water  ul  loam  mav  cav^r  fruihiiif 

8.8  Btnclil  NaiwM  1  CMnNutllM  tnduclat 

N0(  IWflifff  At 

8  8  ••Mvln*  in  FIrn:  Sm  peninrni 
8  7  Unmnn  TwnpaiAhif ;  M)0*F  Wl 
8  8  IlwWail  Watned;  StHperimem 
88  tymlntlMr  4mm;min 


7.  CHCMICAL  REACTIVITY 
7  1  tibcWnlly  aatn  Wmr  Npreacoon 
7.3  AMcHvltyvdinennMiMnIdMarlAla: 

Sio  react  Htft 

7.3  8t»Mt|  Pwrlnt  Tftnbtort;  Siahtc 

7.4  WlilftMnf  Afwte  Mr  Atldt  and 
CmaHmi  Sul  periirieni 

7.6  MrnMrtidHMii  Niii  pcniAem 

7.8  tiihl8H8t  8t  FAlymieiuiiM:  Sut  r^i.'^em 


Watar 

Pollufion 


No  hazard  lahel  required  h> 
Code  of  Federal  Rt^wUiions 


4.  OtSCRVMlC  fHAMCTERISTICS 

4  1  FtiiwMM  »W ahlppadl;  Liquid 
4  3  CnAnr  Velio*  fluoresceni 


L  tnHWSE  TO  OtSCNINC 

rIaanHaaaao  NHMMMaaaaoaa.  eaaaa>ai 

Mechaaieal  eoaiantmcnt 
Should  he  removed 
CNmrcal  aitd  ph^^rcal  irralmcni 


3.  CMCmCM.  OCSICNATtONS 

3.1  8>eM»iy>ia4e  Crankcase  mi 

Motor  c'll 
f  rantmmion  oif 

32  C— it  Owned  CModHteHoA.’ 

MwctfliMOM  hydfoewbon  Btatum 

33  CNMVMMtFnmMdr  Nof  a<«of«eeMr 

34  IMCO/MMIod wtoni NuMorteol 
Oimwitin;  n/l27C 


5.  HEALTH  HA2AR0S 

5  1  Fw— Ail  FeolOitNf  InwIpwiMilr  F>Mecii*r  flme«.yoi/te^  or  fa%c->h>eid 

5  3  tjAAMinrO  FitiaKAf  IitilMfr  INOESIUIN  minimal  fa^ifiHmcMinal  iraci  irritaiiiin.ifcr(a>ed 
frequency  ol  tm«cl  |M««afe  may  lACur  ASPIK  ATKlS  pvimortarr  irntaiinn  i«  nnynatu 
mmimal  but  may  h^rrmc  more  «e»crc  several  lMnir«  after  c«fv«ure 

53  ISCiESTlON  do  NOT  latafcor  ii»duce*omiltnf  ASfINAT  tUN 
ireaiment  yrobaWy  rmt  required,  delated devetofment  of  outoioitart  iriitaimncanbc  detected 
byicrialcheit  ••rate  FVIS  oath <ailh coprowtquaMily  of  oaler  !AIN  oifie nfl  ard  wath 
vrthiiMyandvafer 

54  TwWty  By  InNitollin  (Tfieiinild  LNnli  Viltai)?  fiatamxataitahlc 

5  5  8Nd»t«Tiwn  tMiilHin  LMWMi  Data  nor  avarlaMe 

58  tit Wty 8y  infiillin;  Cirade  f.  I  D«9io  t/hf 

57  LdMfMliNF:  naianot  rntt*;'- 

Sf  Vift (flt) lerWiiW CNiCiiliHitiW  Vaportcauteatliithi  tmartineofiheeyctar  letfiiratnrt 
tttrem  iforetentinhiiiheonceMraimnt  theefTen  Atempeeary 

5V  Litiddie Aitd NWtinf CNiCMlielillids  Minrmum  haiard  tf  tfulted  on  cmthinn  and  allnuett 
to  remein,  mat  cawte  tmarnnf  and  reddenmii  of  the  tlm 

5  10  OdirTNmAil*  Daianm  aeailahW 


U.  HUMD  USESWtNT  CODE 

i4aa«taia>a*taatai»»a>«i »«t»euaa«  COtao-li 


12.  HAZARD  ClASSiriCATlONS 

13.1  Codi  it  Fidif  il  WftililloAi; 

Not  listed 

13.3  NAtHunrd  RiUnttor  Rulk  WMiC 
Tf  Aj^oelitloA;  NtA  liMcd 

12.3  NFFAMiUrdClMuMciHoAi: 


Mealti<  ila/a'd  tUluc) 
Fiammalwlilt  fHed) 
Rcai;titi|>  IV  clli"»  I 


I.  WATER  rOLlUTfON 

8  1  AnuiMi  TiuMItiri  Data  am  a»ailablr 
P3  WMifdiurl TilleltF:  flaia  nm  atailahie 
8  3  tiolificil  OiypiA  PomiAd  |>OP); 
l>ala  not  atailabir 

6  4  FnidChilnCiACiAlritloAFiliAllil: 

None 


9.  SELECTED  MANUFACTURERS 

1  Shell  Oil  Co 
I  Shell  Pla/a 
Houtiun.Tet  77001 

2  Slandard  Oil  Co  tladianal 
410  S.  Michipan  Ate 
Chicaiu.  Ill  hObOl 

y  SunOilCo 

St  Davidt.  Pa  IW1I7 


19.  SHirriM  INFOlUtTION 

10  1  OeMlM or  FurllFi  Varmut  vtwotit>c« 
10.3  ilffi TiAtFirHiiet  Ambieni 
10.3  lAiel  AlAf ephMi:  Norequiremem 
104  ViWilAdt  OpentOamearretteri 


.  FHniCAL  AND  CHEMICAL  rRORERTlCS 

FtiyulBil  >lf  H8»C  iftd  1  Mak  Liquid 
ttiljcylir  Wil|tW;  Not  pertinent 
dililAD  FoMW  M 1  iWn;  Very  hifh 
FfMtfiD  FilAt!  Not  periitteni 
CrWcM  Ttntpflwft  Not  pcriineni 
CrWiilFf— MB.  Not  pertinent 
8p8elll«  Ortvlty:  (cn.)  0.902  ai  30*C^0i4uid) 
Umdd  tvefaci  TiABEwt:  | 

Jb-.17  5  d>nes/cm  I 

•  0  0^04)  0)7.'  N/m  at  20*C 
UdMtd'dfalar  Nilarfactil  TbabIba! 

.1)-S4d>net/fm  -  00).V0  0^4  Nrmal  20*t 
>  VanAr  (Ow)  >pacltic  OetuWy 

Not  pertinent 

I  NatiaatipacHkHiaiaifVoporfaaBlt 

Sol  pen<neni 

!  Liloni  Moat  Of  VapoeiaatioA: 

Not  periineni 

i  Hoal al CoAtboaUoA;  ^ih  cmo  Hiu.ib 

•  -l0.J70cal/p  •  -4)4 UH  X  Id' jfkf 
Maal ot  PAeampaalliAA;  smiieriineni 

I  Maat at  iaMlAA;  Not  peiiincni 

Haat  at  FilyAidrtuliaA:  Not  peitincni 
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REVISED  1978 


ODS 


OILS:  DIESEL 


FaHallD 

OiymaU 

YeOawtoam 

Latoaf  fatfaHadae 

F«HaaS« 

PtoaNaamtef 

CaH  (Wt 

A»m4  cMtart  «Mlk  lnwd 

holaia  ani  mM«*  4iaeluffatf  mifvial 

PUstrfa  taal  IwaMi  ttM  paiiiHaii  cvHtnii  agwirita 


Fira 


EatW^iMi  wiilk  4iy  cbfaakal.  foam,  w  ci»a«  rfiaaMc 
WaMr  may  kr  intmrif**  om  r«*. 


Expoaura 


CAU.  FM  MCMCAL  AID. 

LIQUID 
liiiiaHl  n 
nmMU 

Ktmaaf  cmh 

FlMlt  affacM  afw  vMk  flHMp  «f  waWr. 

IF  IN  EYES.  ImM  apm  arf  nwk  wM  plni(y  af  «aMf. 

IF  swallowed  a<W  *kMa»  k  CONSCIOUS,  haw  victkii  Arwk  »a(if 
w  mflk. 

DO  NOT  mOUCE  VOMITINC. 


Wat«r 

Pollution 


M  iai<aiir  Ma  to  W#  cvMmMSaaa. 


N«flQ>  iMrf  ImM  and  vWlifr  amhali 
NatKy  apaaaiaft  af  naaAy  «a«ar  lniak« 


1.  Response  TO  (NSCMlKe 

Mcchjflicrfi  €Ofl<a>nm«Nl 
Shewld  be  removed 
Chemical  and  ph)*icaMrcafmcn( 


t  UICLS 


No  hazard  label  required  h) 
Code  of  Federal  Repula(HMl^ 


3.  CHHICM  DfSWMTIOin 

tynanywW!  FuctOitt*D 
Fuel  Oil  2-D 

e«Ml  Omfd  CowDiBbMy  CUaaWleallaw; 


4.  oiscivAiie  CHAMcreRisncs 

4  1  PhfalMitMtfmaMppad):  Liquid 

4.2  Calan  Lifhi  bre«n 

4.3  ODt  Like  fuel  oil 


3  3  CNiwIcaI  Foewwda;  Noi  applwahie 
3  4  itiCO/Owttad  tiHafia  Naimarkal 

PaatfnaHan:  .1  1/1270 


S.  MEAITN  NUARDS 

S  I  Faraanaf  Fralaetiva  E^utprnanl:  Oogfles  nr  face  chirld 

5  3  Sywytama  FaOawbif  Rapatllfa;  f f  tiquid  icmyeMed,  an  incica^ed  frequence  of  huwel  movemenu 
•ill  occur 

53  TraatmaM  toe  Cfpaaetm  INOLSTION  do  NOT  induce  vomitHif  SKIN  •iprdTf.  •achuitbcoap 

and  water  fVFS  oa^h  withcopiotfc  amoanu  of  aalcr  for  al  tcaci  I5min 

54  TaitoWy By  twhalaPaw (TheaaNald LImW  Vaiiaa);  NocinflrTl  V  applicaMc 
5  5  <Nart«TaffW  ItilMdallan  Ltodto.*  Data  net  available 

55  TattoNFtorlf*t**lto(it  Crrade  I.  LOb5io  I^E/kd 
57  LatoTaiteOr  t>aia  not  available 

5  5  Vapae  (Oaa)  leeltonl  CNaeaatortottoar  V  <por«  cauce  a  cliflN  cmariini  of  the  eyec  or  mpirainru 
lyciem  if  preceni  inhipbconcemraden.  The  effect  icicmporary 
5  9  LtoaM  aa  SaM  irrNant  CharaatoatoNoai  Minimum  harard  Mtpilled  on  clethniE  and  allowed 
(n  remain,  may  cavee  cmariin|  and  reddeninf  of  the  iktn 
5  10  Odae  The aMaM  Data  not  available 


C.  FIRE  NA2AR0S 

•  t  FlaakOaMi  fl  Oiioo*F  C  C  . 

f2.DH2>*Ft  C 

•  2  FHiawiMl  Llwdto  to  Air  1  .1  hOvnl  T 

53  FVa Rrttopitohlm Afanto;  Dry 

chemical,  loam,  or  carbon  dmiHle 

54  FVa  Irttojulihlwi  Aiawto  Wat  to  5a  Uaad; 

Wuier  may  be  inerieciive 

5.5  Ipaalal  Maaaeda  af  Camatiatlan  Fraductot 

Not  perlineni 

5  5  liMftoa  to  FVat  %oi  pcrnncni 

57  tfnHtofi Tamparatora;  it  Di.iV)h:c*| 
l2-D)4t»-MV1 

5  5  EtoaVteal  Hatar*  Noi  pcrnneni 

5.5  Dunitof Data:  4mm/min 

1  WATER  ROLLUIION 
•  1  AjMtolE  TaatoWr 

204  mg/i  /24  hr/|uvenite  Afnenean  ihad/ 

Tl  n/iab  tvairi 

t?  WatoetoadTaitoNr  >30at/M 
/Ll>50^aaAaf5i 

9.3  llalaitoh*  Ohyf»»  Oaiaand  COO>; 

Oala  net  available 

5  4  Faad  CNato  CawcaaVaHaw  Fataeiiial; 

None 

1  SELECTED  HANUFUTUHtS 

1  fcaionC'o 

Houston,  Tea.  77001 

2  Shell  Oil  Co 

1  Shell  Plara 

Houilon,  Tea.  77001 

3.  Sun  Oil  Co. 

Si  Davtdi.  Fa.  19017 

7.  CHEMICAL  RCACTIVin 

7.1  PaattofHi  wNh  Walar  Noreaeiien 

7.2  RaaaPuHy  •Mh  Camiwan  Matorlatoe 

No  react  ion 

7.3  itoMMy  Dartot  Traaapaet  Stable 

7.4  NawVaHtoAf  ApaiHa  toe  AcMs  aad 

CPMPltoa:  NtM  perlineni 

7.5  MyfMHlPttofi!  Noipctiineni 

10.  SHIRRtM  INFORMATION 

10.1  OeadaaaeFweflF:  DtcacIFuell'D 

(ASTM);[>ic»elFucl  20(ASTMl 

10.2  OlaeaDa  Taeapaealweat  Ambicni 

10.3  toaet  AVnaapIkaeae  No  requirement 

10.4  VaaMetf;  Open  (flame  arretter) 

n.  luuiw  usasuENT  cok 

13.  rNTSKAl  AND  CNEHICAl  rAOrENTIES 

13.1  Phyafeat >ia4a a1 1I*C aeid  1  atwi;  liquid 

A-T-U 

13.2  Matoavtoe  WaifM:  N«u  perimcni 

13  3  DaRtof  Fatol  at  1  aim;  SM)  M0*l 

-21111  3»*(.  -  3M  M2*K 

13.4  FraarimPatofc  0to-30*F 

IZ  HUMO  CUBSIFICXTHMS 

•  -IHo-)4«Cw25Sio259*K 

12.1  Cadaaf  FaMaeaHkafutoMafia: 

13.5  CrWtoPt  Tampaeahier.  Nut  pertinent 

CombuttiWc  liquid 

13  5  CrfWcat  ReaaaMrr  Not  penmeni 

12.2  NMHuaardllaltof  toeDtdbWatae 

13.7  5paeMc  OeauVr-  0.141  at  15*C  (liqttM) 

TranapaetaDan;  Net  hiiad 

13.5  Hputo  tMelaca  Tanaiaw; 

12.3  WFFA  Maiard  ClaaaWcaHaaae 

(est  )  23d\ne-/cm  •  0  02'  N/m  at  20*t 

CatofaeF  ClaiaMtoaWaei 

13.9  Lto«W-Waiae  tolartaetol  TafWtofi: 

HcalibMarurdlOlue) .  0 

lest  1  X)d>ne'/vm  •  0  0^  N/m  ai  20*t 

Flammabiliiy  fRed)  .  2 

13.13  Vapae  (Oaa)  tpacMc  OeauNy: 

Reartrvily  (Yellowl  .  0 

Not  perlineni 

13.11  Nattoa<SpacmcHaataofVapae<QBa): 

StM  perlineni 

13.12  Latant  Haal  af  VaporiaaftoA: 

Not  perlineni 

1113  HaaIvtCombualloA:  •11.400  Biu/lb 
-  -10.300  cat/|  •  429  M  10*  J/U 

13.14  Haat  at  DMampaalWan;  Nix  rrmnent 

13.15  Haat af  taMton:  Nui  pertinent 

13.16  Haat  af  PpfyvnarttaHan:  Nm  pertinent 


tCmonuad an payai  laneii 


NOTCS 
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OILS,  FUEL:  1 


«.  rmc  HAZARDS 

MaI:  100*  f-  i  c 


lO  FImmmW*  LbnH*  In  Air 


I  A)  Firn  Irtlnf  yithiftf  Apnnto;  Orvthcmk.tl 

ftMin,  or  vjrbon  dioxidt* 


Slop  AMChMfr  kt  poMibte 
Ctfl  ftW  AtpMWNWt 
AttnA  r*M*rr  lipirtA 

bilteif  mmI  ifwm  *KMr|H  MMtitI 
Noiifx  lne«i  iMltfi  tmi  pony  IMA  ronliol 


16.4  nrntfttnfuMkinf  AppntpNellPbnUMd: 

\^dtcr  he  inellcvloe 


EaHnfiiifc  with  6r>  ctmnkal.  foMii  t  ctrbon  AioaMt 
Witet  mrr  br  rntflMiort  on  flrt 
Coot  rtpMfd  fyymnm  wirti  «»t*r 


CAU.  FOt  MEDICAL  AID. 
UQVID 

Harntmit  ytly— 6. 


Remyvp  CMtimiMMd  and  dioyi. 

FbnA  a<VKt«6  Mn»  •Mi  plraty  of  •M«r. 

!f  IN  EVE%  ImU  cyMMi  «pt«i  mA  fiMli  vltb  pMht>  «r  •!(«! 

IF  swallowed  and  virtlm  la  CONSCIOUS,  bm  vkibn  dnnk  •am 


7.  CHEMICAL  REACTIVITY 

'7.1  Nppc^lpl^f  nrtiN  YEpip^?  No  raactiun 


00  NOT  INDUa  VOMITtNC 


w«t«f  I 

M  a.  ..  I  HNrWiApfMmlfttaMttiyraiatinttkya. 
Folhillon  I 


NMIIy  bol  koHk  mJ  •««.  ^nwak 

N«ilf>  vf  mm*r  vaMT  iaukai. 


1.  Ksnwsc  TO  OISCHMCe 

Mccheawjl  eeniatfimcni 

Should  br  removed 

Chemical  yftd  phyxieyt  irceimem 

i 

2.  UIEIS 

No  he/ard  kbel  required  b> 

Code  of  Fedcrul  Regukdonv 

1.  CHCHKAl  OCSKNATKMS 

4.  OeSCRVADlC  CKARACTFUSTIGS 

2  1  tyaanympf  Diesel  wf.  tight 

4.1  Rbydiaal  fWa  faa  thlppad);  Liqu>d 

V  t  s^ewB^na^n^an* 

4.2  Calar;  tight  brown 

4.3  Ddan  CheractceiMic 

3  3  CttamMal  Parmidai  NeiepplieeMt 

3  4  WCO/OiiNad  MaMpni  MawnetMl 

OaMiWflan:  3  1/1270 

11.  HIKIIO  ISSnSMENT  CODE 

itW  HaM>»  MMMM.  CO  Ua-3l 

A-T-U 


12.  HAZARD  CUSSiriCATIONS 

12.1  Cp<»  p>  FlMPfii  MbnulpIlPAp; 

Combuatibla  Liquid 

12.2  NAt  HPCPrd  Nallni  for  lulh  Wptor 
TapAPpPrtpMpqr  Nui  liMcd 


12.2  NFFAHPPprdCIPPPIfkPtlPfiP: 

ewdopry  CltdHtenMpw 

Health  Harard  I  Blue!  0 

f  lammahiliix  I  RedI  2 

ReacitviU  Oello'*)  0 


S.  MULTH  HAZARDS 

SI  Fpfppml  Ff  tlpcWap  Iqulpinpnl;  Fra(ci.M««fhr*c«.fopdlc«ur  fair  shield 

S.2  f ywiDlpnM  FtllPndnt  Eapppnrr  INHAL  ATIOS<au«c«  HaadacfKandxtidhi  jrddmexN 

INOFSTKINxatHr*  navxaa.  vomnoif,  aad  cram|Mnf,d«prexxion  of  ctniral  ncrvo««  x^xiem 
fdtiftfif  from  mrfd  h<ada«h«lo  anaxllhria.  coma,  and  death,  fwlmonafy  irniaiian  xccondarv 
loeahalairoA  of  Mil*r<H.xigrHorhrdoe>  and  lr«cr  damage  ma^  h«dela>cd.  ASPIR  A1  ION 
cawx «<*«#«  IvRg  irrifatMiR  •rth coughtiif .  gafyrng.  d^xpnea.  xybxicrnal  diMrrxx.  and  rapidly 
de**topirig  pwlmimary  edema,  later,  vgrix  of  broochopAewmania  and  pneymanitix.  acutr  onxei 
of  eemral  nervov*  ^y^^iem  eurtemeoi  folliH»cd  hy  depre^won 
SS  TepplfMfH  tpf  lipppwP!  INOF.STION  do  NOt  induce  vomiiing.  xerk  medical  attention 
ASPIRATION  enforcehedrrxi.adminnicrotygen  hVLS  oaxh oilh eoptuus quantift  of 
•afer  SAIN  remove *ol*cm  h*  oipiof  and^axhoith  *oapand  water 
S  4  TMMWy  toy  fnApipWon  ffhepaWpId  UeiM  VaMt):  No  xmgte  value  apphcaMc 
SS  iNPrtvTpew InMlpflon LhwHK  Data  nm available 
S6’  TneMWyfcylntMWPA:  (Wade  1. 1 1>«  g/ig 
ST  LMqfPffltWy:  Oata  nm  availaMe 

S  i  VdRpf  (Odd)  leefipnf  ChtrMiteMNei.’  Slifhi  smarting  of  evev  nr  rexpiratorv  v»M<r"  '•  prevent  m 
highconienfrati(in<  Theefreri  iviempnrarv 

SI  LlRiddf tpftd IrrUdtH ChdepeMewMpi  Minimum  h.i/.ifr{  If  xpilled  iin  tlmhing  and  a(lii«etl 
tf»  temn'i  i. .>:>•*  tnarring  .mil  leddernnr  uf  <lif* 

i  10  Oddf  TnrpHofd:  0  T  ppm 


t.  WATER  POLLUTION 


6.$  ApPdlPl  Hppprdppicpenbwdtlpn  WrodMCtt! 

Not  perimcni 

6.6  DpNpvMr  In  PItp:  Nut  partinrni 
67  IfnHIPW Tpwpprplufp:  .iM).n>m| 

6.6  tlXlfkpt  Hptprd;  Nm  pcriincf*t 
6.8  RumlnfRpIp:  4  mm /mm 


•  1  AquMleTpilcHr 

2tt4  mg  / 1  /24  hi  /tuvenilc  American  ^had 
Tl  ni''ali  watcf 

8  2  Walprfpwl Toilcity;  2()mg/lie  I  |)« 

Im  .ilijrdi 

6  3  Dl«lo9tei4  0e|r6**i  Dpmpnd<80D): 

t).ila  not  jvjitahk 

8  4  Food  Chain  CoManlratlPn  Polantlpl! 

None 


9.  SCLECrCO  MANUFACrURCRS 

Atlanlk  Rkhrield  Co. 

717  Fifth  Avc 
New  Vork.  N.  Y  10022 
Shell  Oil  Co 
I  Shell  Pla/a 
Huucion.Tet.  77001 
Sun  Oil  Co 
Si.Davidv.  Pj  I90K7 


No  reaction 

7.3  RIaWMy  Duetnt  TrpfiapprI:  Stahk 

7.4  MawWaHMfifAipnlPlprAeMpintf 

Cauailqp;  Not  pcrtineni 

7.5  PdlymiHuHMit  Nni  penmem  I 

7.6  InhlMlpr  p|  Pply.iiarlMHen:  Sm  pertinent  I 


10.  SHIPPING  INFORMATION 

10.1  Drpdaa pr  RwrWy:  Diesel  fuel  I>0 

(ASTM) 

10.2  Stpfpoa  Tampaeatwrae  Amhieni 

10.3  Inael  Al^naagkltaept  No  requirement 

10.4  VanHAf:  Open  (flame  arresieri 


.  PHYSICAL  AND  CHEMICAL  PROPERTIES 

FtiyalcpI  itptaat  tl*C  and  1  atm:  Liquid 
Melacvlaf  WalsM;  Noi  pertinent 
■eWInB  folfil  at  1  atm: 

.1>lO  ShO*F  •  I9).293*t  -aMi-SMi'k 
FraasMig  Pplnt: 

-.10*F  ■  -.t4*C  -  240* K 
CflWeal  Tampaeaturr.  Not  pertinent 
CrWeal  PrtMaurr  Not  pertinent 
tpacWle OraeNy;  08l>085at  l5*C(hquid| 
Uqwld  Surtaca  Tanalon: 

2)-J2d>nes/em  -  0.02.1.0  032  N/mai  :0*t 
LlquM-Watae  Intaetacial  Tamalan; 

47.49 d)nes/cm  ■  0  047.0  N/m  at  20*( 

)  VapOT  (Oaa)  ipMlAe  QravHr 

Nut  pertinent 

Ratia  at  tpacHIc  Haata  at  Vapor  (Oaa): 

Nut  pertinent 

!  Latant  Haat  af  Vapaettallan: 

I  WBlv/lh  >  NIcat'g  •  2  «  x  in' J.kg 
1  HaatotCambtNtlan:  -  IN.*'40  Hiu  Ih 
-  -I0.300c»t/g  -  -431  24  X  lO'J/kg 

Haat  af  DaeampaalMafi!  Not  pertinent 
Hait  af  ialutian:  Not  pertinent  I 

Haat  pi  Palyntaettation:  Not  per'*"en< 


|('•nll■l■re»<•n«|rl  .1  an4«) 
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011$,  FUEL  2 


%t&f  <iirt>Mr  it 

CMfifv4q»v«wM. 
AvvMcMiKivMliliVriA 
ImMT  m4  MM«V  MlCrilf 

NMtfjr  IMII  NaMi  cwiiral  H 


wMii  *>  cknataA  » 
Wmt  awy  k»  tmWtcthx  ••  An 

Test  c«a(«lMn  « 


CALL  TOA  MCOICAL  AID 
LIQUID 

bitoliM  ••  IUb  «i4  tjM. 

tLmttmW 

rr-n —  ^  j 

FMi  allanii  IMM  nMI  pliaiT  cf  N 
ir  fVAtLOm.  Mii  «!««■  A  CON 


1  fm  HUUDS 

PIhAPMrI:  129*1  c  C 
PtaMMfelaLMialH air  I  .n  hor, 

PlwtiiNDMliMiif  Atanli;  IU% 

cWmiw^I.  fo*m.  or  c^rNwi  4Mi»»dr 

AD*  talliipAaMnt  Ataala  Mat  to  Da  1 

9L«(cr  hr  incliril>»t 

iDtoW  NMtoA*  at  CawDy>Maa  Ara« 

N«i  prfiiftriM 

•alMaliriNntoe  Soi 
IfRMMi  T«RD«'aliirae  490.94«*t 

llarticai  Maia»<t  ^otperiiKcM 


7.  CNCMiaU  KACTIVin 


t.  HMCI  .TOILUTION 

•  1  AaaailaTaMaMjrt 

qt;  2114  mf  / 1 /34  hf  fiwurnilc  Amriic«<* 

19  Watortaad  TaiIcNr  «>i*i  jvjii.ihu 

»DaU«aA:  D*«l4tlt4l  Otyfaii  Oamaito  |DOP|'. 

t>4iJ  n*>t  j»  jiljhK 

rniutU  *  *  NaA  CIraMi  CancaalraHan  AalawWal: 


1  StlCCTED  MMUFKTUtUS 

AtlrfdiK  RKhTirmi  o 
717  l^ilih  Ate 

sr»  >urh  s  \  ioo:: 

Shell  Oil  C  u 
I  Shell  p|j/j 
Hmimoa  Tr%  770(21 
Sun  Oil  (  o 
M  Djkid*  Pu  l«m* 


Cxpoturt 


00  NOT  INDUCE  VQMrrWC 


CMtOtot  Nm  pcrtineni 
7  $  Miaiariaallaii:  Nei  pcriiMm 
7.i  MiMto  al  Dalr)M*taMlaii:  Hm  aromthi 


».  SNITHM  mrOKMITtON 

iraOaatoDiirily:  D»etrifwci2.t> 


aFnttr  imCm* 

Pollallon  jjigU; 


avc  wr  ato*  cvmwvmms. 


10.2  MaeataTaatoA'alvra:  Amhirni 


MQliatoC  Surrauitrmcfli 

Oprh|0«m<  urmien 


1.  ICSHMU  TO  mSCNMOl 

HwaiiiniiiMiinMiwiu»m,c»*4»m 

Mcehufiicui  eemiMinKm 
Should  be  removed 
Chemical  and  physical  ireatmcni 


3.  CMEMICM.  OESWMIMWS 

•laayNMi  Oicsel  od.  medium 


No  hatard  label  reauircd  by 
Code  of  Federal  Refulaiient 


1  ooscivmc  CHMMTUlsnCS 

4.1  HiriM  ■!  I—  al'IpDadl;  Liouid 

4.2  CalaR  Lipht  brown 

4.3  OOtR  CharaeieriMie.  like  kerosene 


MbcdUMMOto  hpdraettboa  aditam 
I  3  3  CAtwilddI  FarwwU;  Noi.ppheabte 

3.4  WiCO/UANaJ  Htmm  Nwptrleo 

PdeHNattawT  3  i/i27o 


%.  HCAITN  MUAtOS 

5  1  NaroaMl  Dfitoclieo  EdutoiwL  Froicaivc  idovec.  pogfles  or  face  thieM 
53  0|lilRtoaW  Fallamtof  EapataeK  INGI.STIONcau«evfUHt<a.«umtiin|.  andcrair.pihf.  depret'iun 
of  central  neraout  syvicm  ranpmf  from  mild  hc^ache  to  ancvihoM.  coma,  and  death, 
pulmonar >  imtalMM  Micendarv  to  eahatalion  of  vtlveiH.  vignt  of  kidnet  and  liwr  damafc  ir.a> 
be  delayed  ASPI A  ATION  ea»«ex  <xvere  lunf  irr nation  with  coup htnp.  paf|t*hf>  dyvpnea. 
MflHieriial  dMtrcvv.  nod  rapidly  devclopin|  pulmonary  edema;  later,  tipm  of  bronchopneumonia 
and  pneumoniiic.  acute  entci  of  central  nervewt  vyttem  eictiemeffl  feHuwed  b>  depre^von 
5.3  TtodlWWiUtOf  tap— Mto;  INOtSTiON  dn  NOT  induce vomninp  ASPIRATION  enforce 

bed rCM. adminmci otypen. veek  medicalaiientwM.  l:VtJi  wa«hwithcopiowx9«antittof*atcr 
SKIN  remove  «nl»cni  by  vipinp  and  wa«h  with  toap  and  water 
5  4  ToaldNy  IwMIoAoii  {TtotoDId  LhitH  Votoo^i  No  vinple  Ti  V  applicable 
5.5  thorj-Tomt IplioloAan  Umlto  Data  not  awiUhle 
5.5  TortdNy hf  Imoallom  Grade  l.  IE^VI5  i/kg 
5.7  LoMTinrteNp;  Data  not  available 

5.1  Vopto  (Dm)  tryAowl  ChdroeNdMIoat  Stighi  smarting  of  eyev  or  rctpiralery  lytlem  if  pretent  :r: 
litfhconceMraftmtt  The  cfrcciiv  temporary 

55  UQRldMtlMlfHlMfChtoMtorMleti  Minimvm  harard  If  vpiiled  on  clothing  and  allowed 
Inremam.may  cawte smarting  and  I'lftktn 

5  10  OdteTtotoMd;  riata  not  a«4it.*M{ 


It  WZMO  ttUSSaitNT  cooc 


a  NUMo  cusstriaTioiis 

12.1  CdPopIPidiritAn^iDmn, 

CcmbMIttltUdiiM 

12.2  NAtNMRftfMfeittorMkVRtoP 
TfMdpMlRNME  Not  liMcd 

12.3  NPTA  Wmad  ClMilAnHMr 

Cdtopiey  CldtoWd 

Hrahh  Hazard  (Aluci  .. 
Flammabilily  IRedi 
Reacti-H>  IVellowi 


u.  fHniau.  ANO  CNimcAi  rtorcRTiu 

13.1  Pliiaim  Dtoto  ■!  15*C  and  1  ptm;  l  iquid 

13.2  HotaMtor  WoNdd:  N<Kperitneni 

13.3  DdMftf  DaM  •!  1  Mm 

M0.640*F  •  J*2.33II*C  w  53Shll*k 
134  Praaglr^ PMM;  O'F*  -IR*C  >  29i*K 
13.5  CrtNMt TMtpdrMiito;  Not  pertinent 
13-5  CrNtedt  NrpMwr  Notpertmem 
13.7  DdmMc  DeavApi  O.Kl^dOat  20*c  (injuidi 
13J  UqhM  turfavR  TmiMmi; 

Dote  not  avadiMe 

13.5  URidd-WatoPifviMfdClAfTdnMM; 

I  Data  not  pviilable 

13.10  Vpfto  (Om)  5RdcNlc  OrwWr 

Not  pertinent 

13.11  NMto  M  ■pacIRe  Mm»  M  Vp»r  (Om); 

Not  periincnt 

13  12  LMMilMoMMVADMiMttoN: 

Not  pertinent 

13.13  NoM  M  CPWtbMOon?  -I9.44U  BtuJh 

•  -lO.ROOcal/f  -  -452,17  X  10*  J  kg 

13.14  HoM MOMewtpMHiM:  Notpertmem 
13  15  NoMMDoMtom  Notpenmcni 

13  16  ModfM PolywtofitMtow;  Noipenmeni 
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MIL-r-12070B 
16  June  1962 
SUPERSEDING 
MIL-F-12070A 
10  May  1956 


MILITARY  SPECIFICATION 
FOG  OIL 


This  •paeiflcatloa  is  approved  for  use  by  all 
Departaants  and  Agencies  of  the  Department  of  Defense. 


1.  SCOPE 

1.1  Scope.  This  specification  covers  two  types  of  fog  oil. 

1.2  Classification.  '^^l-iahall  be  of  the  following  types  as  specified 

(see  6.2): 


^'Tor  ttse'a’&gvy^P*y*  ^  ^ 

gSCggyg-r— For 


2.  APPUCABLE  DOCUMENTS 
2.1  Govemeent  doco»ents. 


2.1.1  Specifications,  standards,  and  handbooks.  Unless  otherwise  specified, 
the  following  specifications,  standards,  and  handbooks  of  the  Issue  listed  In 
that  issue  of  the  Departnent  of  Defense  Index  of  Specifications  and  Standards 
(DoDISS)  specified  in  the  solicitation  form  a  part  of  this  specification  to  the 
extent  specified  herein. 

STANDARDS 


MILITARY 


MIL-STD-105 

MIL-STD-290 


Saapling  Procedures  and  Tables  for  Inspection  by 
Attributes 

Packaging  of  Petroleua  and  Related  Products 


'  FSC  9150 


;  Beneficial  coamients  (recommendations,  additions,  deletions)  and  any  pertl- 
:  nent  data  which  may  be  of  use  in  improving  this  document  should  be  addressed 
:  to:  Commander,  US  Army  Armament  Research  and  Development  Command,  ATTN: 

;  DRDAR-TSC-S,  Aberdeen  Proving  Ground,  MD  21010  by  using  the  self-addressed 
:  Standardization  Document  Improvement  Proposal  (DD  Fprm  1426)  appearing  at 
:  the  end  of  this  document  or  by  letter. _ 
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MIL-F-12070B 


(Copies  of  specif ice tlone,  stenderds,  handlMoks,  drawings,  and  publications 
required  by  nanufaeturers  In  connection  with  specific  acquisition  functions 
should  be  obtained  frou  the  contracting  activity  or  as  directed  by  the  contrac? 
ting  officer. )  * 

2.2  Other  publications.  The  following  docuaents  fora  a  part  of  this  speci¬ 
fication  to  the  extent  specified  herein.  The  Issues  of  the  docuaents  which  are 
Indicated  as  DoD  adopted  shall  be  the  issue  listed  In  the  current  DoDISS  and 
the  suppleaent  thereto.  If  applicable. 

OMIFORM  FREIGHT  CLASSIFICATIOH  RULES 

(Application  for  copies  should  be  addressed  to  the  Uniform  Classification 
Coaalttee,  Rooa  1106,  222  South  Riverside  Flaxa,  Chicago,  IL  60606.) 

ASTM  STANDARDS 
T*p.q  -  Saybolt  Viscosity 

D92  -  Flash  and  Fire  Points  by  Cleveland  Open  Cup 

D97  -  Pour  Point  of  Petroleua  Oils 

D974  Neutralization  Number  by  Color-Indicator  Titration 
D1160  -  Distillation  of  Petroleua  Products  at  Reduced  Pressures 

.  (Application  for  copies  should  be  addressed  to  ASTM,  1916  Race  Street, 
PhlUdelphla,  PA  19103.) 

(Industry  association  specifications  and  standards  are  generally  available 
for  reference  from  libraries.  They  are  also  distributed  among  technical  groups 
and  using  Federal  agencies.) 

2.3  Order  of  precedence.  In  the  event  of  a  conflict  between  the  text  of 
this  specification  and  the  references  cited  herein,  the  text  of  this  specifica¬ 
tion  shall  take  precedence. 


3.  REQUIREMENTS 
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TABLE  I.  Cheaical  and  phylcal  charaeterlBtles 


1' 

Test 

Characteristic 

:  Min 

Max 

Min 

Max 

paragraph 

Flash  point,  *F 

320 

4. 2. 4. 2 

Viscosity,  Saybolt  Universal 

At  I00*F,  seconds 

At  210*F,  seconds 

• 

55 

100 

110 

4.2. 4. 3 

Neutralization  number 

O.l 

0.1 

4.2. 4. 4 

Pour  point,  *F 

0 

-40 

4.2.4. 5 

Vapor  temperature,  *F  at 

10  percent  distilled 

50  percent  distilled 

90  percent  distilled 

390 

490 

610 

# 

4.2. 4. 6 

4.  QUAL1T7  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  Inspection.  Unless  otherwise  specified  in  the  con¬ 
tract  or  purchase  order,  the  contractor  Is  responsible  for  the  perfomance  of 
all  Inspection  requlreaents  as  specified  herein.  Except  as  otherwise  specified 
In  the  contract  or  purchase  order,  the  contractor  may  use  his  own  or  any  other 
facilities  suitable  for  the  perfoinance  of  the  Inspection  requirements  speci¬ 
fied  herein,  unless  disapproved  by  the  Government.  The  Government  reserves  the 
right  to  perform  any  of  the  Inspections  set  forth  in  the  specification  where 
such  Inspections  are  deemed  necessary  to  assure  supplies  and  services  conform 
to  prescribed  requirements. 

4.2  Quality  conformance  Inspection. 

4.2.1  Lotting.  A  lot  shall  consist  of  the  fog  oil  of  one  type  produced  by 
one  manufacturer,  at  one  plant,  from  the  same  materials,  and  under  essentially 
the  same  manufacturing  conditions  provided  the  operation  Is  continuous.  In  the 
event  the  process  is  a  batch  operation,  each  batch  shall  constitute  a  lot  (see 
6.3). 

4.2*2  Sampling. 

4.2.2. 1  For  examination  of  packaging.  Sampling  shall  be  conducted  in  accor¬ 
dance  with  MIL-STD-105. 
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4«2»2*2  For  te8t«  Sampling  shall  be  conducted  In  accordance  vlth  table  1I> 
A  representative  specimen  of  approximately  1  liter  shall  be  removed  from  each 
sample  container  and  placed  In  a  suitable  clean,  dry  container  labeled  to 
Identify  the  lot  and  container  from  which  it  ms  taken. 


TABLE  II.  Sampling  for  test 


Number  of  containers  in  batch  or  lot 

Number  of  sample  containers 

2  to  25 

2 

26  to  150 

3 

151  to  1,200 

5 

1,201  to  7,000 

8 

Over  7,001 

13 

4.2.3  Inspection  procedure. 

4.2.3. 1  For  examination  of  packaging.  The  sample  ur^fr  ohall  be  one  filled 
shipping  container  ready  for  shipment.  Sample  shipping  r.-.-ttir.trs  shall  be 
examined  for  the  following  defects  grouped  collectively  using  an  AQL  of  4.0  per¬ 
cent  defective: 

(a)  Concents  per  container  not  as  specified 

(b)  Container  not  as  specified 

<c}  Container  closure  rs.t  as  specified 

(d)  Container  damaged  or  leaking 

(e)  Marking  incorrect,  missing,  or  illegible 

4. 2. 3.2  For  test.  Each  sample  specimen  taken  in  4. 2. 2. 2  shall  be  tested  as 
specified  in  4.2.4.  Failure  of  any  test  by  any  specimen  shall  be  cause  for  re¬ 
jection  of  the  lot  represented. 

4.2.4  Tests.  Tests  shall  be  conducted  as  follows: 

4.2.4. 1  Appearance.  Visually  examine  thr  specimen  for  water,  sediment,  sus¬ 
pended  particles,  grit,  and  other  foreign  matter. 

4. 2. 4. 2  Flash  point.  Determine  the  flash  point  of  the  specimen  in  accor¬ 
dance  with  ASTM  D92. 

4. 2. 4. 3  Viscosity.  Determine  the  Saybolt  Universal  viscosity  of  the  speci¬ 
men  in  accordance  with  ASTM  D88. 

4. 2. 4. 4  Neutralization  number.  Determine  the  neutralization  number  of  the 
specimen  in  accordance  with  ASTM  D974. 

4. 2. 4. 5  Pour  point.  Determine  the  pour  point  of  the  specimen  in  accordance 
with  ASTM  D97. 
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4.2«4.6  Vapor  temperature*  Determine  the-vapor  temperaturea  of  the  specimen 
at  I0|  50,  and  90  percenta  by  volume  distilled  In  accordance  with  ASTH  D1160 
using  t  distillation  pressure  of  10*0  ^0*2  millimeters  of  mercury  absolute. 

5.  PACKAGING 

5.1  Unit  packing.  Fog  oil  shall  be  unit  packed  level  A,  B,  or  C  as  speci¬ 
fied  (see  6.2). 

5.1.1  Level  A.  A  quantity  of  55  (+0.5  or  -0)  US  gallons  of  fog  oil  shall  be 
unit  packed  In  a  drum  having  clean  and  dry  interior  and  exterior  surfaces.  The 
drum  shall  conform  to  Uniform  Freight  Classification  Rule  40  for  other  than  d^y 
or  solid  articles  and  shall  be  formed  from  low  carbon  steel  sheet  having  a 
minimum  thickness  of  16  gauge.  Each  drum  shall  be  furnished  with  a  nominal 
2-lnch  filler  plug  and  a  nominal  3/4-lnch  vent  plug  with  flanges  and  gaskets 
located  diametrically  opposite  the  top  head.  The  exterior  of  the  drum  shall  be 
coated  with  baked-on,  weather-resistant,  color  forest  green  enamel.  Plugs  on 
filled  drums  shall  be  closed  to  a  torque  recommended  by  the  drum  manufacturer. 

5.1.2  Level  B.  A  quantity  of  55  (+0.5  or  -0)  US  gallons  of  fog  oil  shall  be 
level  B  unit  packed  In  accordance  vri.th  MIL-STD-290. 

5.1.3  Level  C.  Fog  oil  shall  be  level  C  unit  packed  In  accordance  with 
MIL-STD-290. 

5.2  Packing.  Fog  oil  unit  packed  as  specified  in  5.1  shall  require  no 
further  protection  for  shipment. 

5.3  Marking.  Containers  shall  be  marked  in  accordance  .with  MXL-STD-290  and 
shall  show  date  of  fog  oil  manufacture  and  lot  number. 

6.  NOTES 

6.1  Intended  use.  Fog  oil  is  intended  for  use  in  mechanical  smoke 
generators. 

6.2  Ordering  data.  Acquisition  documents  should  specify  the  following: 

(a)  Title,  number,  and  date  of  this  specification 

(b)  Type  of  fog  oil  required  (see  1.2) 

(c)  Level  of  unit  packing  required  (see  5.1) 

6.3  Batch.  A  batch  is  defined  as  that  quantity  of  materia],  which  has  been 
manufactured  by  some  unit  chemical  process  or  subjected  to  some  physical  mixing 
operation  Intended  to  make  the  final  product  substantially  uniform. 
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Custodians:  Pteparlng  activity: 

Any  -  EA  ‘Any  -  EA 

Navy  -  SH 

Project  No*  9150-'0426 

Review  activities: 

Navy  -  OS,  SA 
DLA  ~  GS,  PS 


Appendix  B 


61 


w-r-eooc 


faptanber  15»  1980 
SOPUUKOZIIG 
r«d.  SpM.  W-P-800B 
April  2,  1975 


FIOUAL  B^^PZCATZOH 
fOBL  OIL,  DZIBBL 

Tbia  spaeifieation  was  appcovad  by  tbs  CoBBissionaCf  radacal  Supply  Sarvica, 
Ganacal  Sarvieas  Adainiatcatoc  for  tha  usa  of  all  Padaral  Agancias. 

1.  scora  AMD  CZJiSSZPZCASZON 

1.1  Scopa.  This  apaelfieatlon  eovats  diasal  fual  oils  suitabla  for  usa  in 
autoaotiva  diasal  and/or  eoaiprasaioB-ignitioB  anginas  and  gas  turbina  anginas 
otbar  tbaa  aircraft  undar  all  eliSMtie  conditions  (saa  6.1). 


1.2  Classification, 
follows! 

Tha  diaaal  fual  oils  shall  ba  of 

three  grades#  aa 

Military  fvebol 

MATO  Coda  Mo. 

Daaer lotion 

DP-A 

— 

Arctic  grade 

OP“l 

— 

Mintar  grade 

or-2 

P-S4 

Bagulac  grade 

2.  APPUCABLB  OaCtnCHTS 


2.1  Tba  following  doeunants#  of  tba  iasua  in  affact  on  data  of  invitation  for 
bids  or  raquast  for  proposalr  fora  a  part  of  tba  spaeifieation  to  tha  extant 
spaeifiad  haraint 

Fadaral  Standards i 

Pad.  Tast  Method  Std.  Mo.  791  -  Lubricants#  Liquid  Fuels#  and  Xalatad 

Products}  Methods  of  Tasting. 

(Activities  outside  the  Federal  Goveonant  nay  cbtaia  onples  of  Federal 
qpedficatiana#  standards  and  aTa>rrcial  itan  deseziptions  as  outlined 
\nder  General  Infoznaticn  in  the  Index  of!  Federal  ^edfications#  Standards 
and  Oosnescial  Ztsn  Deecriptions.  Ihe  Index#  which  includes  cunolatlve 
biaonlhly  supplansnts  as  issued,  is  for  sale  cn  a  subseziption  basis  by 
the  Supaxlntendant  of  Doeunents#  U.S.  Gewennant  Printing  Offioe#  Washington# 

DC  10402. 


FSC  9140 
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(Singlft  ocpi—  of  tids  qioclfieatlcn  and  otiwr  Fadaral  qpociflcaitiann/ 
•tndardi  and  rnTroii  lal  Itnm  i1aanirt~1iTH  laqulxod  lay  aetivltlas  outsldo 
tha  Mtaocal  Gowatnamt  fdr  Iddd^  purpoaaa  aro  avallabla  without  charge 
ftom  Gananl  SacvioM  Midnlatration  Businoas  Seitviaa  Canton  in  Booton; 

Ndw  Yedc?  Philadalihlai  WMdiingten»  Ki  Atlantai  Chicago;  Kansas  City/  MO; 
ftct  Nordi;  Bousten;  Dnw;  San  Itaneisao;  Los  Angalos;  and  SaattXS/  MK. 

(Fadaral  Gowanmant  activitios  say  obtain  oppias  of  Fadaral  spacifications/ 
standards  and  coBinamial  itam  dascxiptiens  and  Zndax  of  Fadaral 
Spadfications/  Standards  andiOcBsierelal  Ztm  Siocxd^ptions  from  established 
distribution  points  in  thair  agandaa.) 


Mllltan 


Lficationsi 


IIZL-Z-2SQ17  -  Inhibitor/  Corrosion*  Fuel  Solubls. 
llXL-I-27StC  -  Inhibitor?  Fuel  Systsa  Zeing. 


NZL-SZD-IOS  -  Saapling  Froeodurss  and  Tables  for  Inspection  by  Attributes 
IIZL-8XI>-2fO  -  Faekaging*  Faefcing*  and  Narking  of  Petroleum  and  Related 
Frodueta. 


QFL-2S017  •  Inhibitor*  Corrosion*  Fuel  Soluble. 


(Copies  of  Military  Specifications  and  Standards  required  by  contractors  in 
connection  with  specific  pf oeureaent  functions  should  be  obtained  from  the 
procuring  aetiwity  or  as  directed  by  the  contracting  officer.) 

2*2  Other  publications,  the  following  documents  form  a  part  of  this 
specification  to  the  extent  specified  herein.  Unless  a  specific  issue  is 
indentified*  the  issue  in  effect  on  date  of  invitation  for  bids  or  request  for 
^oposal  shall  apply. 


American  Society  for  Testing  and  Materials  Fublicationsi 


0  86  •  Distillation  of  Petroleum  Products 

0  93  ~  Flash  Point  by  Fensky-Martens  Closed  Tester 

0  97  -  Pour  Point 

D  129  •  Sulfur  in  Petroleum  Products  by  the  Bomb  Method 

D  130  -  Detection  of  Copper  Corrosion  from  Petroleum  Products  by  the 

Copper  Strip  Tarnish  Test 

D  270  -  Saapling  Petroleum  and  Petroleum  Products 

D  445  •>  Viscosity  of  Transparent  and  Opaque  Liquids  (Xinemstic  and 

Dynamic  Viscosities) 

D  402  -  Ash  from  Petroleum  Products 

0  524  -  Raasbottoa  Carbon  Residue  of  Petroleum  Products 

0  613  -  Ignition  Quality  of  Diesel  Fuels  by  the  Cetane  Method 

0  974  -  Meutralisation  Number  by  Color-Indicator  Titration 
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0  t7i  *  C«loulat«d  Cttan*  Xnd«x  of  Dixtillat*  Fuels 

D  18tt  •  Oeiioityt  tpeelfie  Oravity  or  API  Qtavlty  of  Crude  Petroleuo 

and  Liquid  Petcoleuo  Produeta  by  Bydroaeter  Method 
0  1SS2  •  Sulfur  in  Petroleua  Produeta  (Biqh-Teaperature  Method) 

0  2274  -  Stability  of  Diatillate  Fuel  Oil  (Accelerated  Method) 

0  2274  -  Particulate  Contaoinant  in  Aviation  Turbine  Fuels 

D  2S00  -  Cloud  Point  of  Petroleua  Oils 

0  2422  *  Sulfur  in  Petroleua  Products  (X-Ray  Spectrograph ic  Method) 

(Most  of  the  ASTM  Methods  listed  above  are  included  in  various  Parts  of  the 
Annual  Booh  of  ASTM  Standards  and  are  available  individually.  ASTM  Method  D  613- 
is  available  only  in  the  ASTM  Manual  for  Rating  Motor «  Diesel #  and  Aviation 
Fuela.  Application  for  c^ies  of  all  ASTM  publications  should  be  addressed  to 
the  Aaerican  Society  for  Testing  and  Materials*  1914  Race  Street 'Philadelphia* 

PA  19103.) 

3.  RBQOIRBMBNTS 

3.1  Material,  nie  diesel  fuels  aupplied  under  this  specification  shall  be 
refined  petroleua  distillates.  Additive  agents*  such  as  stabilizers*  pour  point 
depressants*  haze  iaprovers*  flow  iaprovers*  etc.*  will  be  pereitted  for 
products  purchased  by  individual  installations  in  the  continental  0.8.  (CONUS) . 
lowever*  for  oilitary  bulk  deliveries  outside  the  continental  O.S.  (CONoS).*  or 
long  tera  storage  (greater  than  six  aonths)  applications  (i.e.*  Aray  depot 
facilities*  stand-by  power  generators) *  only  those  additives  specified  in  3.2 
will  be  peraitted. 

3.2  Additives.  The  additives  listed  herein  aay  be  used  in  amounts  not  to 
exceed  those  specified. 

3.2.1  Antioxidants.  The  following  active  inhibitors  aay  be  blended 
separately  or  in  coabination  into  the  fuel  in  a  total  concentration  of  8.4 
pounds  of  inhibitor  (not  including  weight  of  solvent)  per  1*000  barrels  of  fuel 
(9.1  g/100  gal  (US)*  24  ag/liter  or  109  ag/gal  (UK))  in  order  to  prevent  the 
foraation  of  guat 

(a)  ll*N'  -diisopropyl-para-phenylenediaaine 

(b)  N^N*  -disecondary  butyl-par-phenylenediaaine 

(c)  2 *4-di tertiary  butyl-4-aethylphenol 

(d)  4-tertiary  butyl-2 *4-diaethylphenol 

(e)  2 *4-di tertiary  butylphenol 

(f)  75  percent  Bin.  2*4-ditertiary  butylphenol  and  25  percent  aax. 
tertiary  and  tritertiary  butylphenols 

(g)  40  percent  ain.  3*4-ditertiary  butylphenol  and  40  percent  aax. 
aixed  tertiary  butylphenols 

3«3.2  Cetane  iaprovers.  The  cetane  nuaber  requireaents  specified  in  table  X 
asy  be  obtained  by  use  of  any  one  or  any  coabination  of  the  approved  cetane 
improvers  (a^rl  nitrate*  isopropyl  nitrate*  hexyl  nitrate*  eyelohexyl  nitrate* 
a-sthylhexyl  nitrate*  and  octyl  nitrate) . 
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<a)  For  grad*  DP«A  -  0.2S  p«ce«nt  by  weight 

(b)  Foe  grade  and  DF-2  -  O.SQ  percent  by  weight 

y  3.2.3  Corroeion  Inhibitor!,  k  corroaion  i^ibitoc  conforaing  to  HXL-X-250I7 
1^  be  blended  into  the  fuel  by  the  contractor.  The  aaount  added  ahall  be  equal 
to  or  greater  than  the  ainlBUB  effective  concentration  and  shall  not  exceed  the 
■axlnua  allowable  concentration  listed  in  the  latest  revision  of  QFL-25017. 

3.2.4  Fuel  svsten  icinq^inhibitor.  A  fuel  system  icing  inhibitor  conforning 
to  KXX>>Z-27686  (NATO  Code  S-748)  nay  be  blended  into  the  fuel  in  an  aaount  not 
to  exceed  0.15  percent  by  volume. 

3.3  Physical  and  chemical  requirements.  The  diesel  fuels  shall  conform  to 
the  requirements  specified  in  table  X  and  3.4. 

TABLE  Z .  Physical  and  chemical  requirements. 


(  Values 


1  Grade  DF-2t 

Properties 

Grade  OF-A 

1  CONUS 

OCONUS 

Density*  kg/L  I1S*C 

j 

;  Report 

Report 

Report 

0.815  to  0.860 

Flash  point#  *C  min. 

•  38 

38 

52 

56V 

Cloud  point#  *C  max. 

•-51 

2/ 

2/ 

1/ 

Pour  point#  *C  max. 

Report 

Report 

Report 

y 

Kinematic  viscosity  840*C 

(20*0#  cSt 

1.1  to  2.4 

1.3  to  2.9 

1.9  to  4.1 

(1.8  to  9.5) 

Distillation#  *Ct 

50%  evaporated 

•  Report 

Report 

Report 

Report 

90%  evaported#  max. 

288 

288 

338 

357 

Cnd  point#  max. 

'  300 

330 

370 

370 

Residue#  vol.  %#  max. 
Carbon  residue  on  10% 

3 

3 

3 

1 

3 

bottoms#  ,  mass  %,  max.!/ 

0.10 

0.15 

.35 

.20 

Sulfur#  mass  %#  max. 

0.25 

0.50 

0.50 

0.70 

Copper  strip  corroaion# 

3  hrs.  8  SO*  C 

max.  rating 

3 

3 

3 

1 

Ash#  mass  %#  max. 

0.01 

0.01 

0.01 

0.02 

Accelerated  stability# 
total  insolubles 

mg/lOO  sL#  maxJt/ 

1.5 

1.5 

1.5 

1.5 

Neutralization  number# 

TAN#  max. 

0.05 

•B  W 

0.10 

Particulate  contamination# 

mg/liter#  max. 

10 

10 

10 

10 

Cetane  number#  min. 

40 

45 

45 

45 
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V  Dr»2  lnt«nd«d  for  tntry  into  th«  Central  luropaan  Pipalino  Systaa  shall 
have  a  •iniaua  value  of  5a*C. 

i/  Aa  apeelfied  by  the  pcoourlnp  activity  based  on  guidance  in  appendix  A. 

0P*2  for  lurope  and  8.  Korea  shall  have  a  naxiausi  liait  of  ainus  13*C. 

Aa  specified  by  the  procuring  activity.  DP->2  for  Europe  and  8.  Korea 
shall  have  a  aaxiaua  liait  of  ainus  18*C. 

i/  8ee  Appendix  8.  If  the  fuel  contains  cetane  iaprovers^  the  test  aust  be 
peeforaed  on  the  base  fuel  blend  only. 

1/  This  requireaent  is  applicable  only  for  ailitacy  bulk  deliveries  intended 
for  tactical#  OCONUd#  or  long  tera  storage  (greater  than  six  months) 
applications  (i.e.#  Aray  depots*  etc.). 

3.4  Workaanship.  The  finished  diesel  fuels  shall  be  visually  free  froa 
undisaolved  water*  sediaent  and  suspended  matter  and  shall  be  clear  and  bright 
at  the  aabient  teaperature  or  70*P  (21*C)*  idiichever  is  higher. 

4.  QOALZTT  APSORAMCI  PRQVZdZONS 

4.1  KesponslbiUty  for  inspection.  Unless  otherwise  specified  in  the 
contract  or  purchase  order*  the  contractor  is  responsible  for  the  perforaance  of 
all  inspection  requiceaents  as  specified  herein.  Except  as  otherwise  specified 
in  the  contract  or  order*  the  contractor  aay  use  bis  own  or  any  other  facilities 
suitable  for  the  perforaance  of  the  inspection  requireaents  specified  herein* 
unless  disaivroved  by  the  Cover naent.  The  Government  reserves  the  right  to 
perfora  any  of  the  inspections  aet  forth  in  the  specification  where  such 
inspections  are  deeaod  necessary  to  assure  supplies  and  services  confora  to 
prescribed  requirements. 

4.2  Lot. 

4.2.1  Bulk  lot.  An  iixJefinite  quantity  of  a  boaogeneous  blend  of  diesel  fuel 
of  one  grade  offered  for  acceptance  in  a  single  isolated  container;  or 
aanufactured  in  a  single  plant  run  (not  exceeding  24  hours)  through  the  saae 
processing  equipment*  with  no  change  in  ingredient  aster ial. 

4.2.2  Packaged  lot.  An  indefinite  number  of  SS^gallon  drusw  or  other  unit 
oonUiners  of  Identical  else  and  type*  offered  for  acceptance*  and  filled  with  a 
boaogeneous  blend  of  diesel  fuel  of  one  grade  froa  one  isolated  container;  or 
filled  with  a  hoaogeneoua  bland  of  diesel  fuel  of  one  grade  aanufactured  in  a 
•l**9ls  plant  run  (not  exceeding  24  hours)  through  the  saae  processing  equipment* 
with  no  change  in  ingredient  material. 

4.3  Beapling. 

4*2.1  ^**Piing  for  the  inspection  of  filled  oontainej^.  Take  a  random  sample 
of  filled  oontainers  froa  each  lot  in  accordance  with  MIL-8TD-105#  at  Inspecton 
level  XX  and  scoeptable  quality  level  (AQL)  -  2.5  percent  defective. 
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4.3.2  8—DlinQ  foe  T«l(4  •«apl«t  foe  tests  in  accordance  with 

Method  D  270.  Test  the  sasiples  in  aecordance  with  4.4. 

4.4  Inspection.  Perform  inspection  in  accordance  with  Method  '9601  of  rid. 
Teat  Method  8td.  Mo.  791. 

4.4.1  Examination  of  the  preparation  for  delivery.  Examine  sampler  taken  in 
accordance  with  4.3.1  for  compliance  with  MXIf8TI>-290  with  regard  to  fill, 
closure*  sealing,  leakage,  packaging,  packing,  and  marking  requirements.  Reject 
any  container  having  one  or  more  defects  or  under  the  required  fill.  Reject  the 
lot  represented  by  the  sample  if  the  number  of  defective  or  underfilled 
containers  exceeds  the  acceptance  number  for  the  appropriate  sampling  plan  of 
MXL-8TI>-105. 

4.5  Classification  of  tests.  All  tests  are  quality  conformance  tests. 

4.6  Test  methods.  Perform  tests  in  accordance  with  the  applicable  methods 
listed  in  table  ZI  and  Appendix  B. 

TABLE  XZ.  Test  methods. 


Test 

Test 

Method  No. 

Density 

ASTM  D 

1298 

Flash  point 

ASTM  D 

93 

Cloud  point 

ASTM  0 

2500 

Pour  point 

ASIM  D 

97 

Eineaiatic  viscosity 

ASTM  D 

445 

Distillation 

ASTM  D 

86 

Carbon  residueV 

ASTM  D 

524 

Sulfur  y 

ASTM  D 

1552,  D  129,  or  D  2622 

Copper  strip  corrosion 

ASTM  D 

130 

Ash 

ASTM  D 

482 

Accelerated  stability 

ASTM  D 

2274 

Meutralization 

ASTM  D 

974 

Particulate  contamination 

ASTM  D 

2276  (Appendix  A2) 

Cetane  number  1/ 

ASTM  D 

613  or  D  976 

Fuel  system  icing  inhibitor 

Fed.  Test  Method  Std.  Mo.  791, 

Methods  5327,  5330;  or  5340 

y  8ee  Appendix  B. 

y  0  1SS2  is  the  preferred  method  but  D  129  and  D  2622  may  be  used  as  an 
alternate. 

y  0  613  is  the  preferred  method  for  determining  cetane  quality.  However, 
where  cetane  improvers  have  not  been  used  as  determined  by  Appendix  B, 
D  976  may  be  used  as  an  alternate. 
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S.  fHIMUiTXQH  rOR  DILXVIU 

S.l  f«ek«Qlnq.  oacktiw*  and  aatkitw*  OhlMs  othatwlM  ap«eiflt4  in  tba 
oonktaet  oc  otd«r  '(m«  €.2}«  paekagingt  p«oking»  and  Marking  shall  ba  in 
aooecdanea  with  iui<-STi>-290. 

C.  NOTES 


<•1  Xntandad  uaa. 

C.1.1  Military  svabol  DF«A«  Xrctic-grada  diasal  fual  oil  it  intended  for  use 
ia  high- spaed  autoaotive-type  diesel  onginas*  gas  turbina  engines  other  than 
air-etaft*  and  pot-type  burner  space-heaters#  in  areas  where  anbient 
tSMpsraturaa  lower  than  -32*C  generally  occur#  and  where  it  is  iapractical  to 
Maintain  dual  storage  capabilities.  This  grade  of  diesel  fuel  should  not  be 
waed  for  slow speed  stationary  engine  applications. 

C.I.2  Military  svMbol  DP-1.  Minter-grada  diesel  fuel  oil  is  intended  for  use 
in  high-speed  autcMotive  diesel  engines  and  gas  turbine  engines  other  than  air- 
eraft#  in  areas  in  which  anbient  tenperaturas  as  low  as  -32*C  nay  occur  (see 
Xppendix  X).  This  grade  of  diesel  fuel  nay  be  used  for  Mediuwspeed. stationary 
engine  anplieations#  where  fuel  heating  facilities  are  not  availabl**. 

6. 1.3  Military  synbol  DF-2.  Regular-grade  diesel  fuel  oil  is  intended  for 
use  in  all  autonotiyr  high-speed/nediusr speed  engine  applications  and  gas 
ttirbine  engines  other  than  aircraft#  in  teaperate  cliaates  according  to 
guidelines  in  Xppendix  X. 

<•2  Ordering  data.  Purchasers  should  select  the  preferred  options  offered 
herein  and  include  the  following  inforaation  in  procureaent  docuaentsi 

(a)  Title#  nuaber#  and  date  of  this  specification. 

(b)  Grade  designation  (Military  syabol}  see  1.2). 

(c)  8ise  and  type  container  required  (see  5.1). 

(d)  Quantity  of  diesel  fuel  required.  The  unit  of  purchase  is  the 
U.8.  gallon  (231  cubic  inches  at  60*  F  (15.6*C). 

(a)  Level  of  packaging  and  level  of  packing  required  (see  5.1). 

(f)  Cloud  point  for  OP-1  and  OP-2  (see  Xppendis  X). 

(g)  Pour  point  for  0CQNU8  DP-2  (see  note  3#  table  X) . 

<•3  Certain  provisions  of  this  specification  are  the  subject  of  international 
standardisation  agreeaents  (HXTO  8XXMXG8  1135#  2754#  and  2845).  Nhen  aaendaent# 
revision#  or  cancellation  of  this  specification  is  proposed  which  would  affect 
or  violate  the  international  agreeaent  ooncerned#  the  preparing  activity  will 
take  appropriate  reconciliation  action  through  international  sUndarditation 
ehaniiels#  including  departasnUl  standardisation  offleas#  if  raquirad. 
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MiUTAior  ximnsTt 

Custodianat 
Assy  -  MB 
Navy  -  SB 
Air  Poroa  •  68 

Raviav  Mtivitlaai 
Aray  -  AT 
Navy  -  YD,  SA 
Air  Forca  -  11 


CIVIL  A6BNCY  COOBDINATXNS  ACTXVlTIBSt 
GSA  -  rss 
DOT  -  IWP 
OddERCE  -  MBS 
BBW  -  nc,  MXB 

Praparing  Activity! 

Aray  -  MB 

Pcojact  9140-0098 


Oacr  aetivitiaa 
Aray  -  GL*  MX 
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APPftlOXX  A 

TBITS  riICBITXU  KXNXMDN  AKBXBIT  TEKFBSATORB  FOR  DBFXNXMG  SATXSFACTORX  LOW 
TSHPUATOSS  PROFBRTXBS  OF  DXB8SL  FOSL. 

10.  8COFS 

10.1  This  sppsndix  covscs  s  asthod  to  asssss  tha  low  taopecature  opacability 
llait  for  autoaotiva  diasal  fual. 

20.  MBTB000L06Y 

20.1  Ninisua  dally  taa^caturas  coopilad  froa  weather  stations  were  statis¬ 
tically  evaluated  to  dataraina  tha  probability  for  various  teaparature  occur- 
ranees.  A  aathod  of  reporting  this  probability  it  with  tha  use  of  percentiles 
which  avaluata  tha  coapilad  distribution  and  report  the  teaparaturas  corres¬ 
ponding  to  their  probabilities  of  oceurranea.  To  predict  liaiting  low  aabient 
taaparaturaSf  tha  10th  pareantila  ainiwia  tai^aratura  values  have  been  selected 
as  a  realistic  guide.  By  definition,  tha  lOtb  percentile  ainuaua  teaparature 
predicts  a  10  percent  chance  that  tha  daily  ainiaua  will  be  lower  than  tha 
predicted  value,  or  a  90  percent  chance  that  the  daily  ainiaua  will  be  no  lower 
than  the  predicted  value. 

30.  APPLICATION 

30.1  The  10th  percentile  ainiaua  teo^rature  values  for  the  United  States  and 
OCONUS  areas  are  tabulated  and  presented  in  table  XXX  and  XV.  Satisfactory 
operation  should  be  achieved  in  aost  eases  if  the  Cloud  Point  is  specified  at  or 
below  the  10th  percentile  ainiaua  teaperature.  This  guidance  is  of  a  general 
nature  as  soae  eguipaent  design,  use  of  flow  iaprovers.  fuel  properties,  and/or 
type  of  operating  conditions  aay  allow  higher  or  require  lower  cloud  point  fuels. 
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TAia.B  UX.  nnifd  8f f «  10th  e>re»ntlX«  ■Inlrnu*  tef>eratur»«,  *0. 


Staf 

Alabaaa 

Alaakati/ 
Mortharn 
Soutbacn 
South  Bast 
Arisonat 
M  34*  LAT 
8  34*  XAT 
Arkansas 
Californiat  s/ 

H  and  S  Coast 
Zntarioc  and  SB 
Colorado! 

B  105*  LONG 
H  105*  LONG 
Connsetleut 
Oslawars 
Florida 
Gsorgia 
Idaho 
Illlnios 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisans 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Hebraska 
Mevadat 
N  38*  LAT 
8  38*  LAT 
Mew  Baapshire 
Mew  Jersey 
Mew  Mexico 
Mew  York 
Morth  Carolina 
North  Dakota 
Ohio 


-3 

-6 

-7 

-3 

-2 

-37 

-45 

-49 

-47 

-42 

-13 

-16 

-32 

-32 

-29 

-11 

-16 

-19 

-13 

-12 

-12 

-14 

-17 

-16 

-12 

0 

-2 

-4 

-3 

-1 

-4 

-7 

-11 

-7 

-3 

0 

-2 

-2 

-1 

-1 

-6 

-8 

-ii 

-7 

-6 

-12 

-14 

-19 

-15 

-12 

-18 

-25 

-30 

-24 

-16 

-7 

-16 

-17 

-16 

-9 

-3 

-10 

-11 

-10 

-5 

1 

-1 

-3 

-1 

4 

-2 

-6 

-7 

-6 

-2 

-13 

-18 

-21 

-18 

-13 

-9 

-19 

-21 

-18 

-11 

-7 

-16 

-18 

-16 

-9 

-13 

-23 

-26 

-22 

-16 

-11 

-15 

-19 

-14 

-13 

-6 

-13 

-14 

-11 

•6 

-1 

-3 

-4 

-2 

1 

-10 

-23 

-26 

-26 

-18 

-3 

-10 

-12 

-10 

-4 

-7 

-16 

-18 

-17 

-10 

-11 

-20 

-23 

-23 

-18 

-18 

-30 

-34 

-31 

-24 

-3 

-6 

-6 

-4 

-1 

-7 

-14 

-16 

-13 

-8 

-18 

••24 

-30 

-24 

-21 

-13 

-18 

-22 

-19 

-13 

-14 

-17 

-22 

-18 

-13 

0 

-3 

-4 

-2 

1 

-8 

-18 

-21 

-21 

-12 

-3 

-11 

-12 

-11 

-6 

-11 

-14 

-17 

-14 

-11 

-8 

-21 

-24 

-24 

-16 

-7 

-10 

-11 

-9 

-5 

-20 

-27 

-31 

-29 

-22 

-7 

-16 

-17 

-15 

-9 
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HABLS  XXZ*  Dnit»d  8tat»«  10th  txceantile  ■inltiM  fperatur«»f  *C.  (Cont'd) 


Scot 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Oklahoma 

9 

1 

-9 

-12 

-13 

-8 

-7 

Oregon) 

B  122*  LONG 

-1 

-6 

-11 

-14 

-19 

-21 

-9 

W  122*  LONG 

4 

0 

-4 

-5 

-7 

-4 

•3 

Pennsylvania 

0 

-3 

-8 

-19 

-20 

-21 

-15 

Rhode  Island 

6 

1 

-3 

-12 

-13 

-13 

-7 

South  Carolina 

13 

5 

-1 

-5 

-5 

-3 

-2 

South  Dakota 

3 

-4 

-14 

-24 

-27 

-24 

-18 

Tennessee 

7 

1 

-5 

-9 

-11 

-9 

-4 

Texas) 

M  31*  LAT 

9 

3 

—6 

-9 

-13 

-9 

-7 

S  31*  LAT 

16 

9 

2 

-2 

-3 

-1 

2 

Otah 

4 

-2 

-11 

-14 

-18 

-14 

-8 

Vermont 

3 

-3 

-8 

-20 

-23 

-24 

-15 

Virginia 

8 

2 

-3 

-9 

-11 

-9 

-4 

Washington) 

B  122*  LONG 

2 

-2 

-8 

-11 

-18 

-11 

-8 

W  122*  LONG 

3 

0 

-3 

-3 

-7 

-4 

-3 

West  Virginia 

3 

-3 

-8 

-15 

-16 

-14 

-9 

Wisconsin 

2 

-3 

-14 

-24 

-28 

-24 

-18 

Wyoming _ 

1 

-4 

-15 

-18 

-26 

-19 

-16 

V  Details  of  stato  division  arc  as  indicatedt 


*  Northern  Rc^ionit  Area  north  of  the  62*  lAT. 

*  Southern  Re9iont  Area  bordered  on  the  north  by  the  62*  LAT,  bordered 

on  the  east  by  the  141*  LONG.,  and  bordered  on  the 
south  by  the  56*  LAT. 

*  Southeastern  Coast  and  Aleutian  Islands t  Area  bordered  on  the  north 

by  Canada*  bordered  on  the  west  by  the  141*  LGNG.* 
and  the  remaining  area  bordered  on  the  north  by  the 
56*  LAT. 

2/  Details  of  state  division  by  county  as  indicated) 

California*  North  Coast  -  Alameda*  Contra  Costa*  Del  Norte*  Humboldt*  Late* 

Marin*  Mendocino*  Monterey*  Napa*  San  Benito* 

San  Francisco*  San  Mateo*  Santa  Clara*  Santa 
Crus*  Solano*  Sonoma*  Trinity 

California*  Interior  -  Alpine*  Amador*  Butte*  Calaveras*  Colusa*  B1 

Dorado*  Fresno*  Glenn*  Kern  (except  that  portion 
lying  east  of  the  Los  Angeles  County  Aqueduct) * 
Kings*  Lassen*  Madera*  Mariposa*  Merced*  Modoc* 
Nevada*  Flaoer*  Plumas*  Sacramento*  San  Joaquin* 
Shasta*  Sierra*  Siskiyou*  Stanislaus*  Sutter* 
Tehama*  Tulare*  Tuolumne*  Yolo*  Yuba 
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Califocnla*  South  Coast  -  Los  Aagslss  <oxospt  that  portion  north  ct  ths  San 

Gabrlal  Mountain  ranga  and  asst  of  tha  Loa 
Angalas  Country  Aquaduct) ,  Oranga*  San  Diogo»  San 
Luis  Obiapo,  Sants  Barbara#  Vantura 

California#  Southaaat  -  Xaparial#  Xnyo*  Earn  (that  portion  lying  aaat  of 

tha  Loa  Angalas  County  Aquaduct)#  Los  Angalas 
(that  portion  north  of  tha  San  Gabrial  Mountain 
ranga  and  asst  of  tha  Loo  Angalas  County 
Aquaduet) ,  Mono#  Riveraida#  San  Barnardino 

TABLB  XV,  0C0MD8  10th  Parcantila  nininua  tamparaturaa#  *  C. 


Country 

Oct 

Nov 

Dae 

Jan 

Fab 

Mar 

Apr 

Austria 

-1 

-5 

-12 

-10 

-9 

-6 

-1 

Balgiua 

0 

-3 

-9 

-7 

-6 

-6 

-3 

Danaark 

-1 

-3 

-6 

-7 

-7 

-7 

-3 

Franca 

0 

-2 

-9 

-9 

-5 

-5 

-1 

Garaany 

-2 

-5 

-13 

-13 

-12 

-9 

-5 

Graaca 

S 

0 

-3 

-3 

-2 

-1 

3 

Xcaland 

-1 

-5 

-7 

-9 

-7 

-7 

-4 

Xtaly 

1 

-3 

-6 

-8 

-7 

-3 

-1 

Koraa 

1 

-6 

-13 

-20 

-15 

-7 

-1 

Luxanbourg 

1 

-3 

-7 

-7 

-6 

-4 

-2 

Na that lands 

0 

-2 

-8 

-8 

-6 

-5 

-2 

Morvay 

-6 

-14 

-16 

-18 

-18 

-16 

-6 

Portugal 

8 

4 

1 

1 

1 

1 

5 

Turkey 

-1 

-6 

-10 

-16 

-16 

-6 

-1 
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OBnCTXQII  or  NZTIXTB-rm  zgmztzgh  zmprovbbs  zm  diesel  fvel 


10.  8CQR 

10.1  Ibis  asthod  of  tost  oossts  tbs  dstsnlnstion  of  organic  nitrata  astar> 
^ypb  ostans  iaprovsr  additives  used  in  dissal  fuel.  Zt  is  intended  as  a 
sesssring  test  foe  those  diesel  fuel  inspection  test  procedures  that  are 
affected  by  the  presence  of  cetane  iaproversi  naaely,  ASTM  D  524  Standard  Method 
of  Teat  for  Raabottea  Carbon  Residue  of  Petroleua  Products  and  D  976  Standard 
WathcwlB  for  Calculated  Cetane  Zndex  of  Distillate  Fuels. 

20.  staooun 

20.1  A  diesel  fuel  saaple  is  saponified  in  a  potassiua  hydroxide-  1  butanol 
mixture  and  then  filtered  through  a  glass  fiber  filter  dish.  The  material 
remaining  on  the  disc  is  treated  with  diphenylamine  reagent  after  drying.  The 
presence  of  a  nitrate  ester  cetane  improver  is  revealed  by  the  formation  of  a 
blue  ring  and/or  blue-black  spot  due  to  oxidation  of  diphenylamine  to  intense 
blue  quinoidal  oempounds  by  the  nitrate  salt.  Mo  color  change  confirms  the 
absence  of  a  cetane  improver. 

30.  RPFRRRTOS 

30.1  Reaction  bottle  -  Scretr-cap  bottle#  29.6  sdi  (1  fl  os)  capacity#  wide 
mouth#  flint  glass#  with  screw  cap  lined  with  tin  or  tetrafluoroethylene  (TFB) 
resin. 

30.2  Glass  fiber  filter  paper  -  37  mm  diameter#  Grade  934  AH  (B.  Reeve  Angel# 
Znc.#  Clifton#  N.  J.#  or  equivalent). 

30.3  Pipette  -  10  mL  capacity#  fitted  with  a  pipetting  bulb.  Several  types 
and  makes  of  pipetting  bulbs  and  assemblies  are  available.  One  of  the  following 
is  suggested!  Fisher  Cat.  Mo.  13-681#  Pipet  Filler#  Fisher  Safety#  or  equals 
Fisher  Cat.  Mo.  13-681-50#  Pipet  Filler#  or  equals  Fisher  Cat.  No.  13-682#  Pipet 
Adapter#  Fisher#,  or  equal. 

30.4  Graduated  cylinders  -  10  sL  and  25  uL  capacity. 

30.5  Suction  flask  with  a  suitable  holder  to  accomodate  a  60  mL  glass-fitted 
crucible. 

30.6  Crucible  -  60  mL  capacity#  glass-fritted#  medium  porosity. 

30.7  Oven  suitable  for  drying  filter  discs  at  110*  C. 
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40.  HIMBlTt 

40.1  8«poni£ieation  aixtut*  (In)  •  »r«p«t«d  by  Bixing  4.5  g  potxssiua 
Iqfdcoxidn  (ACi  grnd«)  with  100  aL  nbaolut*  l*bctanol  (ACS  grad*)  and  haatlng  to 
dlsaolva  tbm  IGB.  Aftar  tha  solution  eoola#  tha  aixtura  ia  filtacad  thtough  tha 
glass  Cibar  filtac  papac. 

40.2  oiphai^laalna  (1  paceant  solution)  -  Fcaparad  by  dissolving  0.250  g 
dipbanylaaina  (ACS  indieatoc  grada)  in  25  sL  sulfuric  acid  (sp.  gr.  1.834). 

40.3  Toluana  (ACS  caagant  grada) . 

MOXSt  TOluana  is  flaaoabla  and  toxic.  I  void  breathing 
vapors  or  contact  with  skin. 

SO.  PK3CBDUR8 

50.1  Pipatta  10  BL  of  sai^la  into  tha  reaction  bottle  and  add  5  bL  of  toluana 
followed  by  10  BL  of  tha  saponification  aixtura. 

MOTBt  Oral  pipetting  techniques  should  not  be  used  baeausa 
of  tha  toxicity  of  tha  substances  involved.  A  pipat- 
ing  bulb  or^ssaably  siailar  to  one  of  those  described 
in  30.3  should  be  used. 

50.2  Affix  cap  to  tna  reaction  bottle  tightly  and*  after  aixing  tha  contents* 
place  it  in  an  oven  Baintained  at  110*  C  for  4  hours. 

50.3  Raaove  tha  reaction  bottle  froa  tha  oven  and  allow  it  to  cool  to  25*  * 

3*C. 

50.4  Filter  the  contents  of  tha  reaction  bottle  through  the  60  bL  glass 
fritted  crucible  fitted  with  the  glass  filter  disc. 

50.5  Wash  tha  reaction  bottle  with  25  bL  of  toluene  and  transfer  it  to  tha 
glass-fritted  crucible. 

50.6  Carefully  reaova  tha  glass  fiber  filter  disc  and  dry  it  in  oven  at  110*C 
for  15  ainutas. 

50.7  Reaova  tha  filter  disc  and  cool  it  to  25*  *  3*C. 

50.8  Add  3  drops  of  dipbanylaaina  solution  to  tha  canter  of  tha  diso  and 
observe  whether  a  blue  or  blue-black  color  foras. 

60.  REPORT 

60.1  The  presence  of  organic  nitrate  estar-typa  cetane  ixprovars  will  be 
reported  if  tha  fornation  of  a  blue  oelor  occurs.  Raferanca  saaples  of  diesel 
fuels  containing  0.5  percent  by  voluae  of  any  one  of  tha  approved  cetane 
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iarovvcs  (awl  nitrata,  oycloha*yl  aitrata,  liaayl  nltrata,  iaopWl 
M^pLiasy^itcata,  and  octyl  aitrata)  fllaa  an  intanaa 

eote  thcoaalioat  tha  caagaat  apot  iriiataaa  thoaa  t£ 

pareaat^byvS^  ptoduea  a  blua  ting  at  tha  outat  boundary 

Zll^aTcf^ura  tl.a.  #  a  blua  or  blua-black  coloration) ,  tha  carbon 

JaSua^datananatlon  (d  524)  wiat  ba  parfonad  on  a  itaat  or  baaa  fual  bland. 
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SUPERSEDING 

MIL-F-46162ACMR) 

6  April  1976 

MILITARY  SPECIFICATION 
FUEL.  DIESEL.  REFEREE  GRADE 

This  sptci ficaCioQ  it  approved  for  utc  by  the  Mobility  Equipment 
Research  and  Dcvelopacnc  Coenand.  Deparenent  of  the  Army,  and  it 
available  for  use  by  all  Departsents  and  Agencies  of  the  Department 
of  Defense. 

1.  SCOPE 

1.1  Scope.  This  specification  covera  one  grade  of  diesel  fuel  for  use  in 
research,  dcvelopaMnC  and  proof  teaciag  of  all  coapresaion-ignition  engines, 
diesel-powered  auxiliary  units,  gas  turbine  engine  driven  ground  vehicles  and 
■obile  electric  power  generators,  and  other  fuel  handling  supply  items  designed 
to  operate  with  tactical  grades  of  diesel  fuel  conforming  to  VV-F-800  (see  6.1). 

1.2  Definition.  Referee  grade  is  defined  as  follows: 

Referee  grade  diesel  fuel.  A  diesel  fuel  representing  the  minimal  or 
aurginal  quality  level  %fhich  can  be  procured  under  specification  VV-F-800 
while  meeting  ell  of  its  requireamnts.  It  is  designed  to  be  equivalent 
to  the  quality  of  OCONUS  distillate  production  or  that  production 
available  in  times  of  national  emergency.  It  is  used  for  research, 
devclopsMnc  and  proof  testing  to  assure  that  all  diesel-consuming 
equipment  will  perform  adequately  with  all  diesel  fuels  procured  under 
W-P-800. 

2.  APPLICABLE  DOCUMENTS 

2.1  Government  docusients. 

2.1.1  Specifications  and  standards.  Unless  otherwise  specified  (see  6.2), 
the  following  specifications  and  standards  of  the  issue  listed  in  that  issue  of 
the  Department  of  Defense  Index  of  Specifications  and  Standards  (DoDISS) 
specified  in  the  solicitation,  form  a  part  of  this  specification  to  the  extent 
specified  herein. 


Beneficial  comments  (reconaendations.  additions,  deletions)  and  any  pertinent 
data  which  may  be  of  use  in  improving  this  document  should  be  addressed  to:  US 
Amy  Mobility  Equipment  Research  and  Development  Command,  ATTN:  DRDKE-DS,  Fort 
Belvoir,  VA  120iO  by  using  the  self-addressed  Standardization  Document 
ImprovesMnt  Proposal  (DP  Fora  1426)  appearing  at  the  end  ot  this  document  or  by 
letter. 
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SPECIFICATIONS 

FEDERAL 

VV-F-800  -  Fuel  Oil,  Dieiel. 

MILITARY 

MIL-T-5624 
MIL-I-25017 
MIL-T-83133 


STANDARDS 
FEDERAL 

FED-STD-791  -  Lubricants,  Liquid  Fuels  and  Related 

Products;  Hethoda  of  Testing. 

MILITARY 
MIL-STD-105 
MIL-STD-290 


QUALIFIED  PRODUCTS  LISTS 

MILITARY 

Q?l*”250l7  —  Qualified  Products  List  of  Products 

Qualified  Under  Militarv  Specification 
MIL-I-25017. 

(Copies  of  specifications,  standards,  drawings  and  publications  required  by 
manufacturers  in  connection  with  specific  procurement  functions  should  be 
obtained  from  the  acquisition  activity  or  as  directed  by  the  contracting 
officer. ) 

2.1.2  Order  of  precedence.  In  the  event  of  a  conflict  between  the  text  of 
this  specification  and  the  references  cited  herein,  the  text  of  this  specifica¬ 
tion  shall  cake  precedence. 

2*2  Other  publications.  The  following  documents  form  a  part  of  this 
•Pacification  to  Che  extent  specified  herein.  The  issues  of  the  documents  which 
art  indicated  as  DoD  adopted  shall  be  Che  issue  listed  in  the  current  DoDISS  and 
Che  supplement  thereto,  if  applicable. 


-  Sampling  Procedures  and  Tables  for 
Inspection  by  Attributes. 

-  Packaging,  Packing  and  Marking  of  Petroleum 
and  Related  Products. 


-  Turbine  Fuel,  Aviation,  Grades  JP-4  and  JP-5 . 

-  Inhibitor,  Corrosion,  Fuel  Soluble. 

-  Turbine  Fuel,  Aviation,  Kerosine  Type,  Grade 
JP-8. 
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AKERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM)  STANDARDS 

D  86  '•  Discillatlon  of  Petroleum  Products. 

D  93  -  Flesh  Point  by  Pens kyKer tens  Closed  Tester. 

D  97  ~  Pour  Point  of  Petroleum  Oils. 

D  129  -  Sulfur  in  Petroleum  Products  (Cenerel  Bomb  Method). 

D  130  **  Detection  of  Copper  Corrosion  from  Petroleum  Products  by  che  Copper 

Strip  Ternish  Test. 

D  240  -  Heet  of  Combustion  of  Liquid  Hydrocarbon  Fuels  (General  Bomb 

He  thod ) 

D  270  -  Sampling  Petroleum  and  Petroleum  Products. 

D  287  **  API  Gravity  of  Crude  Petroleum  and  Petroleum  Products  (Hydrometer 

Method) . 

D  445  **  Kinematic  Viscosity  of  Transparent  and  Opaque  Liquids  (and  the 

Calculation  of  Dynamic  Viscosity). 

D  482  Ash  from  Petroleum  Products. 

D  524  Ramsbottom  Carbon  Residue  of  Petroleum  Products. 

0  613  Ignition  Quality  of  Diesel  Fuels  by  the  Cetane  Method. 

D  974  -  Neutralisation  Number  by  Color^lndicator  Titration. 

D  976  -  Calculated  Cetane  Index  of  Distillate  Fuels. 

0  1319  -  Hydrocarbon  Types  in  Liquid  Petroleum  Products  by  Fluorescent 
Indicator  Adsorption. 

D  1552  -  Sulfur  in  Petroleum  Products  (High  Temperature  Method). 

D  2274  -  Stability  of  Distillate  Fuel  Oil  (Accelerated  Method). 

0  2276  -  Particulate  Contaminant  in  Aviation  Turbine  Fuels. 

D  2500  ->  Cloud  Point  of  Petroleum  Oils. 

D  2622  -  Sulfur  in  Petroleum  Products  (X-Ray  Spectrographic  Method). 

(The  test  methods  listed  above  CTui  included  in  Parts  23,  24,  25  and  in  other 
Parts  of  the  Annual  Book  of  ASTM  Standards  and  are  available  individually.  ASTM 
Method  D  613  is  available  only  in  the  ASTM  Manual  for  Rating  Motor,  Diesel  and 
Aviation  Fuels.  Applications  for  copies  of  all  ASTM  publications  should  be 
addressed  to  the  American  Society  for  Testing  and  Materials,  1916  Race  Street. 
Philadelphia,  PA  19103.) 

(Specifications  and  standards  of  technical  societies  are  generally  available 
for  reference  from  libraries.  They  are  also  distributed  among  interested 
Federal  agencies.) 

3.  REQUIREMENTS 

3.1  Material .  The  diesel  fuels  shall  be  refined  petroleum  distillates. 

Those  fuels  meeting  the  requirements  shall  contain  catalytically  or  thermally 
processed  blending  fractions  with  additives  as  specified  in  3.2  and  its 
subparagraphs . 

3.2  Additives.  Additive  use  shall  be  as  specified  in  3.2.1,  3.2.2,  3.2.3  and 
3.2.4.  Edition  of  an  antioxidant  or  stabiliser  and  a  corroaion  inhibitor  is 
mandatory.  Addition  of  a  cetane  iraprover(s)  or  a  pour-point  depressant  or  flow 
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iapro’v«r  is  psmiasibls,  if  nscssssry  to  maet  requirements  of  this 

specif iestion*  The  particular  additives  and  the  amounts  used  shall  be  limited 

to  those  specified. 

3.2.1  Antioxidants  and  stabilisers.  Any  one  or  a  combination  of  the 
following  oxidation  inhibitors  shall  be  blended  into  the  fuel  in  a  total 
concentration  of  8.4  pounds  of  inhibitor  (not  including  the  wei^t  of  solvent) 
per  1000  barrelr  (42  gal/bbl)  of  fuel  (9.1  g/lOO  gal  (US).  24  ag/liter,  or  109 
ng/gal  (UX),  to  prevent  the  formation  of  gum: 

(a)  N,N''-diisopropyl*‘pcra~phenylenediafliine. 

(b)  N.N'-disecoodary  butyl-para-phenylenediamine. 

(c)  2 .S-di tertiary  butyl-4-siethylpheool. 

(d)  2,4-diaethyl'>6'-tertiary  butylphenol. 

(e)  2,6'-ditertiary  butylphenol. 

(f)  75  percent  min  2,6^itertiary  butylphenol  and  25  percent  max 
tertiary  and  tritertiary  butylphcnols. 

(g)  60  percent  min  2.4-ditertiary  butylphenol  and  40  percent  max 
mixed  tertiary  butylphenols. 

The  addition  of  ancioxidanta  or  stabilizers  other  than  those  listed  in  this 
paragraph  is  permitted,  provided  that  prior  approval  is  obtained  from  the  US 
Army  Mobility  Equipment  Research  and  Development  Command,  ATTN:  DBDME-GL,  Ft. 
Belvoir,  VA  22060.  Requests  for  approval  shall  contain  the  chemical  name  or 
trade  name  of  the  additive,  concentration  of  additive  in  the  fuel,  and 
laboratory  data  demonstrating  the  effectiveness  of  the  additive  in  diesel  fuels. 

3.2.2  Corrosion  inhibitor.  A  corrosion  inhibitor  conforming  to  MIL-I-25017 
shall  be  blended  into  the  fuel.  The  amount  added  shall  be  equal  to  or  greater 
than  Che  minimum  effective  concentration  and  shall  not  exceed  the  maximum 
allowable  concentration  listed  in  the  latest  revision  of  QPL-25017. 

3.2.3  Cetane  improver.  The  cetane  number  requirements  specified  in  cable  I 
may  be  obtained  by  use  of  any  one  or  any  combination  of  Che  approved  cetane 
improvers  (amyl  nitrate,  isopropyl  nitrate,  hexyl  nitrate,  cyclohexyl  nitrate, 
and  octyl  nitrate),  including  the  structural  isomers  of  amyl,  hexyl,  and  octyl 
nitrates.  The  total  concentration  of  cetane  improvers  shall  not  exceed  0.50 
percent  by  weight. 

3.2.4  Pour-point  depressant  or  flow  improver.  A  pour-point  depressant  or 
flow-improver  additive  may  be  used  Co  meet  Che  low  temperature  requirements 
specified  in  cable  1. 

3.3  Physical  and  chemical  requirements.  The  diesel  fuels  shall  conform  to 
Che  requirements  specified  in  cable  1. 

3.4  Workmanship.  The  finished  diesel  fuel  shall  be  visually  free  from 
undissolved  water,  sediment  and  suspended  matter  and  shall  be  clear  and  bright 
at  21*  C. 
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TABLE  I.  Phyiical  and  chemical  requirementa . 


Property 

Value 

Density,  Kg/L  @  15*  C 

Report 

Flash  point,  *C 

Report 

Cloud  point,  *C  max 

-13 

Pour  point,  *C  max 

“18 

Kinematic  viscosity,  cSt  at  40*  C 

1.9  to  4.1 

Distillation,  *C: 

Initial  boiling  point 

Report 

lOZ  recovered 

Report 

SOZ  recovered 

245  to  285 

9<JZ  recovered 

330  to  357 

9SZ  recovered 

350  to  375 

End  point,  max 

385 

Carbon  residue  on  lOZ  bottoms. 

0.20 

Z  wt,  maxi/ 

Sulfur,  Z  wt£/ 

0.95  to  1.05 

Copper  atrip  corrosion,  3  hrs  9 

1 

SO*  C,  ASTM  classification,  max 

Ash,  Z  wt,  max 

0.02 

Accelerated  stability,  total 

1.5 

insolubles,  mg/ IOC  ml,  max 

Neutralization  No.,  TAN,  max 

0.2 

Aromatics,  volume  Z 

Report 

Net  heat  of  combustion,  BTU/lb 

Report 

Particulate  contaminstion. 

10 

rag/ liter,  max 

Cetane  number 

40  to  45 

1/  See  Appendix.  The  maximua  limits  do  not  apply  for  samples  containing 

oBCint  inprovgrit  In  ehoit  infCinetii  cht  ceic  mic  be  perforoed  on  the 

basefuel  blend. 


U  Sulfur  in  the  finished  fuel  should  be  naturally-occurring.  If  additional 
sulfur  is  required,  only  tertiary  butyl  disulfide  shall  be  added. 
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4.  QUALITY  ASSURANCE  PROVISIONS 

4,i  R«iponaibility  for  in<pection«  Unless  othervise  specified  in  Che 
eoncreec,  Che  eonCreeCor  is  responsible  for  the  performence  of  ell  inspeccion 
rtquirtfflencs  as  ipaeirted  hcrelni  Ixeepe  as  otherwise  specified  in  the 
eontraeti  Ihe  eenBraetor  nay  use  his  own  or  any  ocher  faeilicias  suitable  for 
Che  perfomanee  of  Che  inupeecion  requirements  specified  herein,  unless 
disapproved  by  the  Government.  The  Government  reserves  the  right  to  perform  any 
of  the  inspections  set  forth  in  the  specification  where  such  inspections  are 
deemed  necessary  to  assure  Chat  supplies  and  services  conform  to  prescribed 
requirements. 

4.2  Lot. 

4.2.1  Bulk  lot.  An  indefinite  quantity  of  a  homogeneous  mixture  of  one  grade 
of  fuel  oil  offered  for  acceptance  in  a  single,  isolated  container;  or 
manufactured  in  a  single  plant  run  (not  exceeding  24  hours),  through  Che  same 
processing  equipment,  with  no  char.ge  in  the  ingredient  materials. 

4.2.2  Packaged  lot.  An  indefinite  number  of  55  gallon  drums  or  smaller  unit 
containers  of  identical  size  and  type,  offered  for  acceptance,  and  filled  with  a 
homogeneous  mixture  of  one  grade  of  fuel  oil  from  a  single,  isolated  container; 
or  filled  with  a  homogeneous  mixture  of  one  grade  of  fuel  oil,  manufactured  in  a 
single  plant  run  (not  exceeding  24  hours),  through  the  same  processing 
equipment,  with  no  change  in  Che  ingredient  materials. 

4.3  Sampling. 

4.3.1  Sampling  for  examination  of  filled  containers.  Take  a  random  sample  of 
filled  containers  from  each  packaged  lot  in  accordance  with  MIL-STD-IOS  at 
inspection  level  II  and  acceptable  quality  level  (AQL)  -  2.5  percent  defective. 

4.3.2  Sampling  for  tests.  Take  samples  for  tests  in  accordance  with  ASTM 
Method  D  270. 

Inspection.  Perform  inspection  in  accordance  with  Method  9601  of 
FED- STD-791. 


4.4.1  Examination  of  filled  containers.  Examine  samples  taken  in  accordance 
with  4.3.1  for  compliance  with  MIL-STD-290  with  regard  to  fill,  closure, 
sealing,  leakage,  packaging,  pac.^ing,  and  marking  requirements.  Reject  any 
container  having  one  or  more  defects  or  under  the  required  fill.  If  the  number 
of  defective  or  underfilled  coot  j '  "•'•’■r  excec-'^  f::'e  '"ceptance  number  for  the 
f>rr  “w::  •  plan  of  MIL-STT  lOS,  rej-tct  the  lot  represented  by  the  sample. 


Oisaa i. iiicatio.i  cf 
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4.6  Test  methods.  Perform  tests  in  accordance  with  the  applicable  reetthods 
listed  in  table  II  and  Appendix. 
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TABLE  II.  Tett  methodi. 


Test 

ASTM  Test  Method  No. 

Gravity.  •API 

D  287 

Plash  point 

D  93 

Cloud  point 

D  2500 

Pour  point 

D  97 

Kinematic  viscosity 

D  445 

Distillation 

D  86 

Carbon  residuel.^ 

D  524 

Sulfur!/ 

D  1552,  D  129,  or  D  2622 

Copper  strip  corrosion 

D  130 

Ash 

D  482 

Accelerated  stability 

D  2274 

Neutralisation  number 

D  974 

Aromatics 

D  1319 

Net  heat  of  combustion 

D  240 

Particulate  contamination 

D  2276  (Appendix  A2) 

Cetane  number!/ 

D  613  or  D  976 

See  Appendix. 

U  D  1552  is  the  preferred  method  but  either  D  129  or  D  2622  may  bo  used 
as  an  alternate. 

U  0  613  is  the  preferred  method  for  determining  cetane  quality.  However, 
where  cetane  improvers  have  not  been  used  as  determined  by  the  method 
in  the  Appendix,  D  976  may  be  used  as  an  alternate. 

4.7  Report  of  analysis.  The  contractor  shall  provide  copies  of  analysis 
reports,  givirg  the  results  of  these  tv'sts  with  a  statement  of  the  types  and 
concentrations  of  the  additives  used  in  the  diesel  fuel. 

S  PACKAGING 

3il  Picking  and  mrkinii  Diaiil  fuil  concainid  in  eht  aiig  and  Eypa  conliaiBif 
specified  (see  6.2),  shall  be  packed  and  marked  in  accordance  with  MlL-STD-290. 
Packing  shall  be  level  A,  level  B,  or  commercial  as  specified  (see  6.2). 

6 .  NOTES 

6.1  Intended  use.  This  dieael  fuel  is  intended  for  use  in  research, 
development  and  proof-testing  of  all  compression-ignition  engines., 
diesel-powered  auxiliary  units,  gas  “urbine  engine  driven  ground  vehicles  and 
mobile  olectric  power  generators,  and  other  fuel  handling  supply  items.  The  use 
“Vt'  ref-^ree  'uel  in  conjcnctior  '-;ith  Develon^o-t  Testing  (DTI  through  DTIII)  is 
nece8i,3t/  -..c  Ui.c.ov.^r  potential  oper  •tional  problems  with  respect  to 
performance  and  to  enable  data  correlation  of  all  testing  sites  regardless  of 
geographical  location.  Referee  fuels  should  not  be  used  in  engines  or  other 
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•quipMnt  in  thn  finld  «•  «  iubteitut*  for  W-P-800  dieiel  fuel  without  epproval 
of  tho  engine  menufeeturer  or  from  the  US  Aroy  Mobility  Equipment  Reeeerch  end 
Development  Commend,  ATTN:  DRDME'^L,  Port  Belvbir,  VA  22060. 

6,1,1  Temperature  ranee.  Thia  dieael  fuel  ia  intended  for  uae  in  all  engine 
end  equipment  quelifieetion,  proof,  engineering  or  pilot  model  teating  where 
ambient  tempereturee  at  or  above  minua  18*  C  are  anticipated.  At  temperaturea 
below  minue  18*  C,  JP**e  fuel  conforming  to  MIL-T-83133  or  JP-5  fuel  conforming 
to  MZL-T'*S624  ahould  be  uaed. 


Orde.ine  data. 


(a)  Title,  number  and  date  of  thia  apecification. 

(b)  Sise  and  type  of  container  required  (ame  5.1). 

(c)  Degree  of  packing  required  (aee  5.1). 

(d)  Quantity  of  dieael  fuel  required.  The  unit  of  purchaae  ia  the  US 
gallon  (231  cubic  inchea  at  60*  P  (15.6*  C)] 


Cuetodian: 
Army  MB 


Preparing  activity: 
Army  “  ME 


Review  activitiea:  Project  9140-A097 

Army  -  AT 
DLA  -  ?S 


Uaer  activitiea: 
Army  -  CE,  TE 
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10.  SCOPE 

10.1  Scope .  Thia  method  of  teat  covera  the  determination  of  organic  nitrate 
eater-'type  cetane  improver  additivea  uaed  in  dieael  fuel.  It  ia  int^ncled  as  a 
acreening  teat  for  thoae  dieael  fuel  inapection  teat  procedures  that  are 
affected  by  the  preaence  of  cetane  improvers;  namely,  ASTM  D  524,  Ramsbottom 
Carbon  Residue  of  Petroleum  Products  and  ASTM  D  976,  Calculated  Cetane  Index  of 
Distillate  Fuels. 

20.  SUMMARY 

20.1  Summary .  A  diesel  fuel  sample  is  saponified  in  a  potassium  hydroxide  *■ 

1  butanol  mixture  and  then  filtered  through  a  glass  fiber  filter  disc.  The 
••terial  remaining  on  the  disc  ia  treated  with  diphenylamine  reagent  after 
drying.  Ihe  preaence  of  a  nitrate  eater  cetane  improver  ia  revealed  by  the 
formation  of  a  blue  rig  or  bluc^black  spot  due  to  oxidation  of  diphenylamine  to^ 
intense  blue  quinoidal  compounds  by  Che  nitrate  salt.  No  color  change  confirms 
the  absence  of  a  cetane  improver. 

30.  APPARATUS 

30.1  Reaction  bottle.  Screw-cap  bottle,  29.6  ml  (1  fl  oz)  capacity,  wide 
mouth,  flint  glass,  with  screw-cap  lined  with  tin  or  tetrafluorethylnne  (TFE) 
resin. 

30.2  Glass  fiber  filter  paper.  37-mm  diameter.  Grade  934  AH  (H. Reeve  Angel, 
Inc.,  Clifton,  MJ ,  or  equivalent). 

30.3  Pipette .  10-ml  capacity,  fitted  with  a  pipetting  biilb.  Several  types 

and  makes  of  pipetting  bulbs  an?  .^tssemblies  are  available.  One  of  the  followin 
is  suggested:  Fisher  Cat  No.  13-581,  Pipet  Filler,  Fisher  Safety,  or  equal; 
Fisher  Cat  No.  13-681-50,  Pipet  Filler,  or  equal;  Fi<.her  Cat  No.  13-882,  Pipet 
Adapter,  Fisher  or  equal. 

30.4  Graduated  .ylindtrs .  lO-ml  and  25-ml  C'pacity. 

30.5  Suctici.  flask  with  a  suitable  holder  to  accomodate  a  60-ml  glass-friCte 
crucible  , 

30.6  Crucible .  60-ml  capacity,  glass-fritted,  medium  porosity. 

30.7  Oven.  Suitable  for  drying  filter  discs  at  110*  C. 
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40.1  Saponification  «ixtur«  (IN).  Prapara  by  mixing  6.5  g  o£  potassium 
hydroxide  (ACS  raagant  grade)  with  100  ml  of  absolute  1-butanol  (ACS  reagent 
grade)  and  heat  to  dissolve  the  KOH.  After  the  solution  cools,  filter  the 
mixture  through  the  glaee-fiber  filter  paper. 

^40*2  Dipheny lamina  (1  percent  solution).  Prepare  by  dissolving  0.250  g  of 
diphenylamine  (ACS  indicator  grade  in  25  ml  of  sulfuric  acid  (sp  gr  1.834). 

40.3  Toluene  (ACS  reagent  grade). 

NOTE:  Toluene  is  flstnmable  and  toxic.  Avoid  breathing  vapors  or 
contact  with  skin. 

50.  PROCEDURE 

50.1  Pipette  10  ml  of  the  sample  into  the  reaction  bottle  and  add  5  ml  of 
toluene  followed  by  10  ml  of  the  saponification  mixture. 

NOTE:  Oral  pipetting  techniques  should  not  be  used  because  of  the 
toxicity  of  the  substances  involved.  A  pipetting  bulb  or  assembly 
similar  to  one  of  those  described  in  30.3  should  be  used. 

50.2^  Affix  cap  to  the  reaction  bottle  tightly  and,  after  taxing  the  contents, 
place  it  in  an  oven  maintained  at  llO*  C  for  four  hours. 

50.3  Remove  the  reaction  bottle  from  the  oven  and  allow  it  to  cool  to  25*  C 
plus  or  minus  3*  C. 

50.4  Filter  the  contents  of  the  reaction  bottle  through  the  60-ml 
glass-fritted  crucible  fitted  with  the  glass  fiber  filter  disc. 

50.5  Wash  the  reaction  bottle  with  25  ml  of  toluene  and  transfer  it  to  the 
glass-fritted  crucible. 

50.6  Carefully  remove  the  glass  fiber  filter  disc  and  dry  it  in  oven  at 
110*  C  for  IS  minutes. 

50.7  Remove  the  filter  disc  and  cool  it  to  25*  plus  or  minus  3*  C. 

50.8  Add  three  drops  of  diphenylamine  solution  to  the  center  of  the  disc  and 
observe  whether  a  blue  or  blua-blsck  color  forms. 

60.  REPORT 

60.1  The  presence  of  organic  nitrate  ester-type  cetane  improvers  will  be 
reported  if  the  formation  of  a  blue  color  occurs.  Reference-  samples  of  diesel 
fuels  containing  0.5  percent  by  volume  of  any  one  of  the  approved  cetane 
improvers  (see  3.2.3)  give  an  intense  blue  to  blue-black  color  throughout  the 
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r««g«ne  apoc  wViareat  chose  samples  containing  only  0.1  percent  by  volume  produce 
a  blue  ring  aC  the  outer  boundary  of  the  reagent.  If  a  positive  reaction  occurs 
(i.e.,  e  blue  or  blue'^blacV.  coloration),  the  carbon  residue  determination  (D 
524)  must  be  performed  on  a  neat  or  basefuel  blend. 
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APPENDIX  C 

Climatic/Geologic  Variables  Affecting  Smoke  Dispersion 


1.  WINDS 

Prevailing  (steering)  winds  have  the  greatest  influence  on  smoke  operation.  The 
prevailing  winds  blow  between  9  and  800  meters  above  the  ground  surface.  Smoke  when 
produced  moves  to  the  level  of  the  prevailing  winds.  Prevailing  wind  data  are  measured 
at  an  elevation  of  16  meters. 

The  prevailing  wind  speed  is  the  determining  factor  on  how  far  the  smoke 
producing  equipment  should  be  placed  from  the  vital  area  to  be  screened.  Wind  speeds 
ranging  from  5  to  15  km/h  are  ideal  for  the  production  of  smoke  screens.  Wind  speeds  in 
excess  of  15  km/h  carry  the  smoke  rapidly  from  its  source.  Therefore,  more  smoke 
producing  equipment  and/or  material  are  required  to  produce  the  desired  results. 
However,  smoke  produced  by  mechanical  smoke  generators  may  be  effective  in  winds  up 
to  17  km/h  because  of  the  great  volume  produced. 

Wind  direction  is  defined  as  the  direction  from  which  the  wind  blows.  The 
direction  of  the  wind  determines  the  location  of  the  smoke  line  to  cover  the  vital  area. 
Wind  direction  is  classified  as  head  wind,  tail  wind,  fiank  and  quartering  winds.  Head 
winds  blow  away  from  the  smoke  objective  or  vital  area  and  directly  to  the  smoke 
producing  source.  Tail  winds  are  opposite  of  head  winds.  Flank  winds  blow  across  the 
smoke  objective  and  smoke  source.  Quartering  winds  blow  between  the  other  winds. 
Requirements  for  smoke  pots  and  fog  oil  are  greater  with  quartering  winds.  Another 
system  for  surface  wind  designates  wind  direction  by  cardinal  and  intermediate  points  of 
the  compass  (north,  northeast,  east,  southeast,  south,  southwest,  west,  and  northwest). 

2.  TEMPERATURE 

fhe  effect  of  tefflpetdtufe  OR  §meke  i§  §lighti  The  ORly  peisihle  effeet  beiRg  the 
reUtienship  of  tempepdtuFe  to  vepop  pf§§§uF§,  relative  humidity,  and  a  warming  Qf  the 

smoke  cloud  due  to  solar  radiation. 

There  are  three  types  of  temperature  gradients  that  affect  smoke  screens: 
inversion,  neutral,  and  lapse.  Figure  C-1  illustrates  an  artist's  concept  of  the  affect  of 
the  three  types  of  temperature  gradients  on  smoke  clouds.  Figure  C-2  and  C-3  show 
smoke  disseminated  from  an  M3A3  smoke  generator  during  a  lapse  condition.  An 
estimate  of  temperature  gradient  conditions  is  used  to  predict  the  stability  of  the  air. 
Temperature  gradients  are  measured  by  subtracting  the  air  temperature  0.5  meter  above 
the  ground  surface  from  the  air  temperature  4.0  meters  above  the  surface.  Submitted  as 
figure  C-4  is  a  graphic  illustration  of  the  measurement  and  classification  of  vertical 
temperature  gradients. 

A  stable  or  inversion  condition  exists  when  the  air  temperature  increases  with  an 
increase  in  altitude.  This  condition  creates  stable  air  currents  and  makes  smoke  linger 
for  long  periods.  Under  stable  conditions,  smoke  streamers  tend  to  travel  parallel 
downwind  for  long  distances  before  they  spread  and  merge  into  a  continuous  blanket  of 
smoke.  Even  after  merging,  this  blanket  of  smoke  lies  low  to  the  rising  high  enough  to 
cover  the  tops  of  buildings  or  other  tall  objects. 
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INVERSION 

(StabI*) 


NEUTRAL 


LAPSE 

(Unstable) 


Increase  in  temperature 
with  increose  in  oltitude; 
stable  atmospheric  con¬ 
ditions  near  the  ground 


Very  little  or  no  chonge 
In  temperoture  with  in¬ 
crease  In  altitude;  mod- 
erotely  stable  atmospheric 
conditions  near  the  ground 


Decrease  in  temperature 
with  increose  in  altitude; 
unstable  atmospheric  con¬ 
ditions  neor  the  ground 


Figure  C-1.  Vertical  temperature  gradients, 
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Figure  C-2.  Oil  smoke  cloud  rising  during  a  laose  condition. 
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Oil  smoke  cloud  rising  during  a  lapse  condition 


MEASUREMENT 

CLASSIFICATION 

1 

70T.  ^ 

ri — 4»I£TM 

♦5 

AIK  TtMPEKATURE 

♦  4 

IHVERSIOH 

•3 

SUBTRACT  THE  O.S-METER 

♦2 

AIK  TEMPERATURE  REACIMC 

FROM  THE  4. METER 

0 

NEUTRAL 

AIR  TEMPERATURE  REAOINS 

70*F. 

-|75*)F. 

-3 

-5*F.  *  VERTICAL 

LAPSE 

TEMPERATURE 

r 

>.  CRADIENT 

-5 

i 

-bJ 

75T.  ^ 

-  0.5-ME7ER 

AIR  TEMPERATURE 

Figure  C-4.  Measurement  and  classification 

of  vertical  temperature  gradients 
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When  thv’re  is  little  change  in  temperature  based  on  altitude,  conditions  are 
neutral.  Under  neutral  conditions,  smoke  streamers  have  steadier  direction  and  there  is 
less  tendency  for  them  to  rise  than  when  they  arc  under  unstable  conditions.  Also, 
streamers  tend  to  spread  and  rise  more  quickly  than  under  stable  conditions.  Therefore, 
neutral  temperature  gradients  are  best  for  smoke. 

Unstable  or  lapse  conditions  are  just  the  opposite  of  inversion;  air  temperature 
decreases  as  altitude  increases.  Unstable  conditions  cause  smoke  to  break  up  because 
the  air  is  moving.  In  low  winds  the  smoke  streamer  may  rise  abruptly  from  the  source. 
In  higher  winds  the  streamer  may  pass  only  a  short  distance  downwind  before  rising  and 
becoming  diffused. 

3.  HUMIDITY 

Petroleum  distillates  and  PEG  200  as  vaporized  smoke  clouds  do  not  absorb 
moisture.  The  particle  size  is  so  minute  that  they  tend  to  remain  suspended  in  air  until 
eventual  evaporation  which  reduces  the  possible  deposition  rates. 

4.  PRECIPITATION 

Light  rains  decrease  visibility;  therefore,  less  smoke  is  needed  for  concealment. 
Heavy  rains  and  snow  reduce  visibility  so  that  smoke  is  rarely  necessary  to  provide 
concealment. 

5.  CLOUD  COVER 

When  the  sky  is  more  than  70  percent  covered  with  clouds,  neutral  temperature 
graident  conditions  prevail.  The  atmosphere  is  moderately  stable,  and  conditions  are 
generally  favorable  for  smoke. 

6.  TERRAIN 

Since  smoke  is  carried  by  the  wind,  it  normally  follows  the  earth's  contours.  On 
flat  or  unbroken  terrain  and  over  water,  smoke  streamers  take  longer  to  spread  out  and 
mix.  On  the  other  hand,  trees  and  buildings  tend  to  mix  smoke  streamers  and  increase 
smoke  coverage.  Large  hill  masses  and  rugged  terrain  cause  strong  crosscurrents  which 
disperse  smoke,  causing  holes  and  uneveness. 

Arctic. 

Smoke  operations  in  arctic  regions  or  other  cold  weather  areas  present  special 
problems  common  to  all  types  of  units.  Preventive  maintenance  for  individual  equipment 
in  cold  climates  is  given  in  appropriate  technical  manuals.  Smoke  generators  can 
produce  effective  smoke  clouds  under  arctic  conditions  when  proper  lubricants  and  fuel 
mixtures  are  used.  On  clear  days,  stable  conditions  exist  over  sr.owy  surfaces.  This 
condition  is  strongest  about  sunrise.  Smoke  tends  to  remain  near  the  surface  and  may 
travel  for  long  distances  before  dissipating.  Under  extremely  cold  conditions,  smoke 
clouds  last  longer  than  under  more  temperate  conditions.  Snow  or  fog  reduces  visibility 
so  that  much  less  smoke  is  required  for  effective  screening. 
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Desert. 


All  deserts  have  certain  characteristics  in  common— lack  of  surface  water,  sparse 
vegetation,  extreme  temperature  ranges,  and  brilliant  sunlight.  Because  of 
meteorological  conditions  and  the  vast  areas  usually  available  for  dispersing  and 
maneuvering  troops,  it  is  difficult  to  make  beneficial  use  of  smoke  units.  However, 
smoke  can  be  used  effectively  for  screening  and  deception.  Smoke  may  be  employed  to 
screen  an  installation,  to  breach  barriers  and  minefields,  or  to  cover  artillery  positions  at 
night  to  reduce  muzzle  flash.  Desert  sands  absorb  heat  from  the  sun  and  cause 
appreciable  horizontal  temperature  differences  which  in  turn  may  cause  whirlwinds.  The 
soil  is  heated  during  the  day  to  such  an  extent  that  smoke  operations  become  extremely 
difficult  because  of  strong  unstable  conditions.  Smoke  tends  to  pillar  because  of  rising 
air  currents.  High  winds  and  dust  storms  occur  throughout  the  year.  Smoke  is  more 
effectively  in  early  morning  and  late  evening  or  on  an  overcast  day  when  neutral 
atmospheric  conditions  exist. 

Mountain. 

Mountain  operations  are  characterized  by  the  difficulties  encountered  due  to 
terrain.  Generally,  inadequate  road  nets  found  in  mountain  areas  enhance  the  military 
value  of  existing  roads  and  add  importance  to  high  ground  that  dominates  other  terrain. 
Smoke  generators  can  screen  artillery  positions,  supply  routes,  and  preparations  for 
installations  and  entrenchments.  It  can  also  reduce  the  enemy's  ability  to  use  high 
ground  for  observation.  Small  smoke  units  are  often  required  to  operate  for  extended 
periods  with  limited  resupply  in  mountain  operations  because  of  transportation 
difficulties.  Steep  hills  split  winds  so  they  eddy  around  and  over  the  hill.  Thermally 
induced  slope  winds  occur  throughout  the  day  and  night.  These  conditions  make  it 
extremely  difficult  to  establish  and  maintain  a  smoke  screen.  Wind  current,  eddies,  and 
turbulence  must  be  continuously  studied  and  observed. 

Jungle. 

The  jungle  ordinarily  affords  concealment  from  air  and  ground  observation.  But, 
smoke  screens  may  be  employed  in  jungle  operations  to  screen  aircraft  landing  areas,  to 
help  prevent  direct  fire  on  helicopters  approaching  landing  zones,  and  to  screen  landing 
zones  while  troops  debark  helicopters  in  the  landing  zone. 

In  many  instances  smoke  use  may  be  limited  to  coastal  regions  to  conceal 
landings.  In  other  areas,  smoke  may  be  used  to  conceal  river  crossings  or  to  provide 
coverage  of  ru  ’rs  used  as  routes  of  communication.  Smoke  used  in  dense  vegetation 
tends  to  spread  slowly  downwind  and  downslope  and  follow  creek  beds  and  gullies.  Jungle 
weather  is  usually  hot,  humid,  and  characterized  by  sudden  changes.  Within  only  a  few 
minutes,  clear,  hot  weather  may  change  to  torrential  downpour.  Windspeed  in  jungle 
areas  normally  does  not  exceed  3  kilometers  per  hour. 
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APPENDIX  D 
Dissemination  Models 


The  purpose  of  the  following  models  is  to  provide  estimates  of  downwind  dosage 
and  concentration  levels  resulting  from  the  emission  of  smoke  liquids  (fog  oil,  diesel  fuel 
and  PEG  200),  from  the  XM16  and  XM52  smoke  generators  and  to  provide  input  to  an 
environmental  assessment  required  for  disseminating  smokes.  Worst-case  conditions 
were  used:  an  Inversion  with  wind  speed  less  than  5  mph. 

In  May  1982  AMAF  Industries,  Inc.  of  Columbia,  Maryland  completed  a  computer 
program  for  smoke/obscurant  hazard  prediction  entitled  HAZRD2.  This  model  was 
prepared  for  US  Army  Armament  Research  and  Development  Command.  The  following 
models  were  derived  from  the  HAZRD2  program. 

The  simulation  of  the  source  cloud  involves  the  estimation  of  the  size  of  the  cloud 
at  the  time  the  atmospheric  forces  take  control  of  the  mass  emitted.  The  source  sigmas 
in  the  Y-  and  Z-directions  are  estimated  to  be  1  m  and  the  release  height  is  about  2  m 
above  the  ground. 

The  results  of  the  simulation  are  shown  in  the  following  graphs  of  concentration  for 
1  minute  of  emission.  The  results  shown  are  for  fog  oil.  While  diesel  fuel  behaves 
differently  as  a  screening  agent,  only  the  specific  gravity  differences  would  affect  the 
predicted  concentration  and  dosage  patterns.  Since  diesel  fuel  is  slightly  less  dense  than 
fog  oil,  the  fog  oil  estimates  can  serve  as  representative,  worst  cases  for  this  analysis. 
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Toxicity  of  Fuel  Oils  and  Lubricating  Oils  in  Mammals 
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Petroleum 

Distillate  Exposure 

Type  Species  Route  Exposure  Time  Cone.  Results  Reference 


documented  in  one  of  their  monthly  reports. 
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Diesel  fuels  Rabbits  Percutaneous  one  dose  2.0  ml/kg  No  toxic  signs.  Moderate  to  severe  Manthei,  et 

’  skin  irritation  at  24  hrs.  At  14  al.,  1980 

days  skin  became  scabbed  and  dry  to  (43) 

scaley  with  moderate  erythema. 
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APPENDIX  F 

Summary  of  Toxicity  of  Fuel  Oils  and  Lubricating  Oils  in 
Algae,  Phytoplankton,  and  Bacteria 


TOXICITY  OF  FUEL  OILS  AND  LUBRICATING  OILS  IN  ALGAE, 
PHYTOPLANKTON,  ANP  BACTERIA* 


SPECIES 

EXPERIMENTAL 

PROTOCOL 

RESULTS 

REFERENCES* 

Natural  marine 

phytoplankton 

communities 

Exposure  to  19.1  to  19.8 

P  g/1  No.  2  fuel  oU 
dissolved  in  water 

Inhibifion  of  photo¬ 
synthesis 

Gordon  and  Prouse, 
1973 

Fresh  water 

Phytoplankton 

(Algae)t 

Eu^ena 

Cultured  and  grown  on  0.1% 
diesel  fuel  medium  or  on 

10%  lubricating  oil  medium 

No  reduction  in  popu¬ 
lation  size  or  growth 
rate 

Dennington  et 
al.,  1975 

Scenedesmus 

Cultured  and  grown  on  0.1% 
diesel  fuel  m^um 

No  growth;  inhibition 
of  photosynthesis 

II 

Cultured  and  grown  on  0.1% 
lubricating  oil  medium 

Inhibition  of 
l^tosynthesis 

It 

Skeletonema 

(diatom) 

Stoppered  flask  culture 
with  100  ug/i  of  No.  2 
fuel  oil  medium 

No  growth 

Dunstan  et  al., 

1975 

•f 

Unstoppered  flask  culture 
with  1000  yg/1  of  No.  2 
fuel  oil  medium 

No  growth 

•I 

Dunaliella 
(green  flagel¬ 
late) 

Flask  culture  with  pg/1 
quantities  of  No.  2  fuel 
oil  medium 

Enhanced  growth 

M 

Cultured  on  10%  dilution 
of  seawater  with  15  mg/1 

No.  2  fuel  oil 

No  effect  on  growth 

Pulich  et  al., 

1974 

Chlorella 

(green) 

Cultured  on  10%  dilution 
of  seawater  with  15  mg/1 

No.  2  fuel  oil 

No  effect  on  growth 

It 

♦References  are  taken  from  Liss-Suter,  Deborah.  A  Literature  Review-Problem  Definition  Studies  on 
Selected  Toxic  Chemicals,  Volume  S  of  S. 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND  LUBRICATING  OILS 
IN  ALGAE,  PHYTOPLANKTON,  AND  BACTERIA  (CONT.) 


EXPERIMENTAL 

SPECIES  PROTOCOL 


RESULTS  REFERENCES 


Agmenellum 

(blue-green) 

Cultured  on  10%  dilution 
of  seawater  with  13  mg/1 

No.  2  fuel  oil 

7-hr  lag  phase 

II 

Thalassiosira 

(diatom) 

Cultured  on  10%  dilutlcn 
of  seawater  with  13  mg/1 

No.  2 'fuel  oil 

14-hr  lag  phase 

II 

Gymnodinium 

(dinofiageilate) 

Cultured  on  10%  dilution 
of  seawater  with  13  mg/1 

No.  2  fuel  oil 

170-hr  lag  phase 

II 

Nostoc 

(blue-green) 

Cultured  on  10%  dilution 
of  seawater  with  13  mg/1 

No.  2  fuel  oil 

Prolongation  of 
doubling  time  from  6 
to  9  hours 

Pulich  et  al., 
1974 

Agmenellum 

(blue-green) 

Suspension  in  30%  dilution 
of  soluble  fraction  of 

10.1%  No.  2  fuel  oil  in 
water  mixture 

Inhibited  photo¬ 
synthesis 

It 

Chlorella 

(green) 

Suspension  in  20%  dilution 
of  soluble  fraction  of 

10.1%  No.  2  fuel  oU  in 
water  mixture 

Inhibited  photo¬ 
synthesis 

II 

Thalassiosira 

(diatom) 

Suspension  in  12%  dilution 
of  soluble  fraction  of 

10.1%  No.  2  fuel  oil  in 
water  mixture 

Inhibited  photo¬ 
synthesis 

II 

Coccochioris 

(blue-green) 

In  23%  dilution  of  soluble 
fraction  of  10,1%  Baytown 
or  Montana  fuel  oils  mixed 
with  water 

No  growth 

Winters  et  al, 
1976 

Agmenellum 

(blue-green) 

In  23%  dilution  of  soluble 
fraction  of  10.1%  Baytown 
or  Montana  fuel  oils  mixed 
with  water 

No  growth 

?  It 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND  LUBRICATING  OILS 
IN  ALGAE,  PHYTOPLANKTON,  BACTERIA  (CONT.) 


f  f  I 


SPECIES  PROTOCOL 


RESULTS  REFERENCES 


Dunaliella  Suspension  in  50%  dilution  No  growth  " 

(green)  oi  soluble  fraction  of 

10.1%  New  Jersey  fuel  oil 
mixed  with  water 

Chlorella  Suspension  in  30%  dilution  No  growth  " 

(green)  of  soluble  fraction  of 

10.1%  New  Jersey  fuel  oil 
mixed  with  water 

Mixed  culture  of  Kerosene  emulsion  Motility  adversely  Chet  and  Mitchell 

motile  marine  >5  yg/1  in  seawater  affected  1976 

bacteria  "" 

”  Kerosene  emulsion  3  yg/l  Blockage  of  chemical-  " 

in  seawater  ly  -  mediated  attrac¬ 

tion  to  organic  matter 
in  water 
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APPENDIX  G 


SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND  LUBRICATING  OILS  IN  WATERFOWL 


EXPERIMENTAL 

SPECIES  PROTOCOL  RESULTS  REFERENCES* 


Waterfowl 

Field  studies  in  fuel  oil- 
polluted  environments 

Inability  to  fly; 
preening  to  the  ex¬ 
clusion  of  feeding; 
loss  of  buoyancy  and 
drowning;  loss  of  in¬ 
sulation  against  cold. 

Hunt  and  Ewing, 
1953 

Waterfowl 

Field  studies  in  diesel- 
fuel  polluted  area 

Oil  swallowing  caused 
burns,  pneumonia,  in¬ 
ternal  hemorrhages, 
comatose  behavior 

Chia,  1971 

1 -year-old 
Mallard  ducks 

Intragastric  administration 
of  gelatin  capsules  con¬ 
taining  >20  mg/kg  b.w.  of 
diesel  fuel 

LD^q;  weakness, 
diarrtiea,  regurgita¬ 
tion. 

T  ucker  and 
Crabtree,  1970 

Pekin  and 

Mallard  ducks 

Intragastric  administration 
of  4  ml/kg  b.w.  of  diesel 
fuel  under  stress  condi¬ 
tions  of  crowding  and  0  to 

-iqOc. 

LD^o 

Hartung  and  Hunt 
1966 

Ducks 

Intragastric  administration 
of  24  ml/kg  b.w.  of  diesel 
fuel 

No  mortalities 

II 

Ducks 

Intragastric  administration 
of  20  ml/kg  b.w.  of  lubri¬ 
cating  oil 

No  mortalities 

M 

♦References  are  taken  from  Liss-Suter,  Deborah.  A  Literature  Review-Problem  Definition  Studies  on 
Selected  Toxic  Chemicals,  Volume  8  of  8. 

LD^®  -  median  lethal  dose 

b.w.  -  body  weight 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND 
LUBRICATING  OILS  IN  WATERFOWL  (CONT.) 


EXPERIMENTAL 


SPECIES  PROTOCOL 


RESULTS  REFERENCES* 


Quail  Oral  administration  of 

capsules  containing  3.5 
m^kg  b.w.  of  No.  2  fuel 
oil 

Mallard  and  Intragastric  administra- 

Pekin  ducks  tion  of  1-3  ml/kg  b.w.  of 

fuel  oil  or  lubricating 
oil 

Ducks  Intragastric  administration 

of  3-12  ml/kg  b.w.  of 
diesel  fuel 


Egg  production  halted  Grau,  1977 
for  6-8  days;  egg 
yolk  deposition  ab¬ 
normalities 

Oil  pneumonia,  diar-  Hartung  and  Hunt 

rhea,  anemia,  occult  1966 

blood  in  intestines, 
toxic  nephrosis 

Liver  fu>Ktion  alter-  Hartung  and  Hunt 

ations,  reduced  pan-  1966 

creatic  zymogen,  toxic 
nephrosis,  lipid 
pneumonia,  diarrhea, 
occult  blood  in  intes¬ 
tines,  anemia 
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APPENDIX  H 


Summary  of  Toxicity  of  Fuel  Oils  and  Lubricating  Oils  in  Aquatic  Life 


APPENDIX  H 


SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND  LUCRICATING  OILS  IN  FISH 


SPECIES 

EXPERIMENTAL 

PROTOCOL 

RESULTS 

REFERENCES* 

Bluegill  sunfish 

Exposure  to  3000  mg/1 
kerosene  added  to  water 

24-hr  LC^q 

Turnbull  et  ai., 

1954 

Banded  kilUfish 

Exposure  to  28.5  mg/1  No. 

2  fuel  oil  added  to  water 

24.hr  TL^ 

Rehwoldt  et  al., 
1974 

H 

Exposure  to  26.1  mg/1  No. 

2  fuel  oil  added  to  water 

9«-hrTL^ 

H 

Striped  bass 

Exposure  to  30.6  mg/1  No. 

2  fuel  oil  added  to  water 

24.hr  TL^ 

M 

tt 

Exposure  to  22.2  mg/1  No. 

2  fuel  oil  added  to  water 

96.hr  TL„ 

N 

Pumpkinseed 

Exposure  to  42.6  mg/1  No. 

2  fuel  oil  added  to  water 

24.hr  TL^ 

H 

M 

Exposure  to  39.2  mg/1  No. 

2  fuel  oil  added  to  water 

96-hrTL^ 

H 

White  perch 

Exposure  to  41.6  mg/1  No. 

2  fuel  oU  added  to  water 

24.hr  TL„ 

M 

•f 

Exposure  to  37.2  mg/1  No. 

2  fuel  oil  added  to  water 

96-hrTL„ 

11 

American  eel 

Exposure  to  28.0  mg/1  No. 

2  fuel  oil  added  to  water 

24.hr  TL„ 

N 

It 

Exposure  to  31.0  mg/1  No. 

2  fuel  oil  added  to  water 

964rTL^ 

n 

Carp 

Exposure  to  52  J  mg/1  No. 

2  fuel  oil  added  to  water 

24.hr  TL„ 

n 

H* 

Exposure  to  49.1  mg/1  No. 

2  fuel  oil  added  to  water 

96.hr  TL^ 

n 

•References  are  taken  from  Liss-Suter,  Deborah.  A  Literature  Review-Prt^lem  Definition  Studies  on 
Selected  Toxic  Chemicals,  Volume  S  of  S. 

LC^q  -  median  lethal  concentration 

TL^  -  median  tolerance  limit 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND 
LUBRICATING  OILS  IN  FISH  (CONT.) 


EXPERIMENTAL 

SPECIES  PROTOCOL 


RESULTS  REFERENCES* 


Juvenile 

American  Shad 

ft 

Exposure  to  204  mg/i  diesel 
fuel  added  to  water 

Exposure  to  167  mg/1 
diesel  fuel  added  to  water 

24-hr  TLjyj;  loss  of 
equilibrium,  and  other 
central  nervous  system 
disturbances  proceeded 
death 

Tagatz,  1961 

Exposure  to  200  mg/1 
kerosene  added  to  water 
Exposure  to  200  mg/1  No.  2 
fuel  oil  added  to  water 

24-hr  TLn, 

24.hr  TL„ 

Boylan  and  T  ripp 
1971 

II 

Mummiciwg 

Exposure  to  undiluted 
soluble  fraction  of  10% 
mixture  of  No.  2  fuel  oil 
in  water 

No  mortalities  in  96 
hr 

Scheier  and 
Cominger,  1976 

Sheephead 

Minnow 

Exposure  to  same 

No  mortalities  in  96 
hr 

It 

Channel  catfish 

Exposure  to  same 

10%  mortality  in  96  hr 

II 

Bluegill  sunfisn 

Exposure  to  same 

20%  mortality  in  96  hr 

II 

Mummichog 

Exposure  to  48  vol  %  dili»> 
tion  of  soluble  fraction 
of  10%  mixture  of  No.  2 
fuel  oil  in  water  pre¬ 
viously  UV  irradiated  for 

72  hr 

96-hr  LCj^Q 

II 

Sheei^ad 

Minnow 

Exposure  to  46  vol  %  of 
same 

96-hr  LCjq 

II 

Channel  Catfish 

Exposure  to  73  vol  %  of 
same 

96-hr  LC^q 

11 

Bivwgill  Sunfish 

Exposure  to  40  vol  %  of 
same 

96— hr  LC^q 

11 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND 
LUBRICATING  OILS  IN  FISH  (CONT.) 


SPECIES 

EXPERIMENTAL 

PROTOCOL 

RESULTS 

REFERENCES* 

Sheephead 

Minnow 

Exposure  to  dispersion  of 

250  mg/i  No.  2  fuel  oil 
added  to  water 

24-hr  TL^ 

Anderson  et  al., 
1974 

fl 

Exposure  to  dispersion  of 

93  mg/1  No.  2  fuel  oil 
added  to  water 

96-hr  TL^ 

It 

Silverside 

Exposure  to  dispersion  of 

260  mg/1  No.  2  fuel  oil 
added  to  water 

24-hr  TL^ 

It 

M 

Exposure  to  dispersion  of 

125  mg/I  No.  2  fuel  oil 
added  to  water 

48.hr  TL^ 

If 

Sheephead 

Minnow 

Exposure  to  >6.9  mg/1  No. 

2  fuel  oil  dissolved  in 
water 

24-hr  TL^ 

II 

Sheephead 

Minnow 

Exposure  to  6.3  mg/1  No. 

2  fuel  oil  dissolved  in 
water 

96-hr  TL^ 

Anderson  et  al., 
1974 

Silverside 

Exposure  to  5.7  mg/1  No. 

2  fuel  oil  dissolved  in 
water 

24-hr  TL^ 

II 

fl 

Exposure  to  3.9  mg/1  No. 

2  fuel  oil  dissolved  in 
jvater 

96-hr  TL^ 

II 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS 
AND  LUBRICATING  OILS  IN  WORMS 


SPECIES 

EXPEklMfiNfAL 

PROTOCOL 

RESULTS 

REFERENCES* 

Soil  Nematodes 

No.  2  fuel  oil  applied  to 

1.7  X  3.0  m  plots  of  soil; 
application  rate  2.5  kg/m^ 

Nemacidal  after  6  and 

12  months 

Raymond  et  al., 
1976 

Marine  annelids 

Neanthes  arena- 
ceodentata 

Exposure  to  >  8.7  mg/1  No. 

2  fuel  oil  dissolved  In 
water 

24-hr  TL^ 

Rossi  et  ai., 

1976 

n 

Exposure  to  3.2  mg/i  No. 

2  fuel  oil  dissolved  in 
water 

48-hr  TLf„ 

II 

II 

Exposure  to  2.7  mg/1  No. 

2  f’lel  oil  dissolved  In 
water 

96-hr  TL^ 

II 

Capitella 

capitata 

Exposure  to  >  8.7  mg/1  No. 

2  fuel  oil  dissolved  in 
water 

24-hr  TL^ 

II 

II 

Exposure  to  3.5  mg/l  No.  2 
fuel  oil  dissolved  in  water 

48-hr  TL^ 

II 

It 

Exposure  to  2.3  rng/l  No.  2 
fuel  oil  dissolved  in  water 

96-hr  TL^ 

II 

Neanthes  arena- 
ceodentata: 

4-segment 

juveniles 

Exposure  to  >  8.7  mg/l  No. 

2  fuel  oil  dissolved  in 
water 

24-hr  TL^ 

Rossi  and 

Anderson,  1976 

II 

Exposure  to  8.4  mg/l  No.  2 
fuel  oil  dissolved  in  water 

96-hr  TL^ 

II 

18-segment 

juveniles 

Exposure  to  >  8.7  mg/l  No. 

2  fuel  oil  dissolved  in 
water 

24-hr  TL^ 

II 

II 

Exposure  to  5.7  mg/l  No.  2 
fuel  oil  dissolved  in  water 

96-hr  TL^ 

II 

32-segment 

juveniles 

Exposure  to  >  8.7  mg/l  No. 

2  fuel  oil  dissolved  in 
water 

24-hr  TL^ 

II 

tl 

Exposure  to  5.4  mg/l  No.  2 
fuel  oil  dissolved  in  water 

96.hr  TL^ 

11 

tL^  -  median  tolerance  limit 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND 
LUBRICATING  OILS  IN  WORMS  (CONT.) 


EXPERIMENTAL 

SPECIES  PROTOCOL  RESULTS 


40-segment  Exposure  to  >8.7  mg/I  No. 

juveniles  2  fuel  oil  dissolved  in 

water 

"  Exposure  to  2.7  mg/1  No.  2 

fuel  oil  dissolved  in  water 

48-segment  Exposure  to  >8.7  mg/I  No. 

immature  addults  2  fuel  oil  dissolved  in 

water 

"  Exposure  to  2.7  mg/i  No.  2 

fuel  oil  dissolved  in  water 

60-segment  Exposure  to  >8.7  mg/1  No. 

mature  males  2  fuel  oil  dissolved  in 

water 

"  Exposure  to  2.6  mg/1  No.  2 

fu^  oil  dissolved  in  water 

60-segment  Exposure  to  >8.7  mg/1  No. 

gravid  females  2  fuel  oil  dissolved  in 

water 

"  Exposure  to  4.2  mg/1  No.  2 

fuel  oil  dissolved  in  water 


24.hr  TL^ 
96-hr  TL^ 
24-hr  TL„ 
96-hr  TL^ 
24-hr  TL„ 
96-hr  TL„ 
24-hr  TLn, 
96-hr  TL^ 


REFERENCES* 

Rossi  and 
Anderson,  1976 

It 

It 

M 

M 

n 

II 

It 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND~ 
LUBRICATING  OILS  IN  MOLLUSKS 


SPECIES 

EXPERIMENTAL 

PROTOCOL 

RESULTS 

REFERENCES* 

Scallops 

Exposure  to  12.5  mg/l  No. 

2  fuel  oil  in  water 

100%  mortality  in  24 
hr 

Tarzwell,  1971 

Quahaug  clam 
eggs  2nd- 
cleavage  stage 

Exposure  to  0.43  mg/l  No. 

2  fuel  oil  dissolved  in 
water 

4S-hr  LC30 

Byrne  and  Calder, 
1977 

2-Day  old 

Quahaug  larvae 

If 

Exposure  to  1.3  mg/l  No.  2 
fuel  oil  dissolved  In  water 
Exposure  to  0.53  mg/l  No. 

2  fuel  oil  dissolved  in 
water 

2-Oay  LC^ 

10-Day  1>C^Q 

II 

11 

Young  adult 
soft  shell  clams 

If 

Exposure  to  505  mg/l  No. 

2  fuel  oil  in  water 
emulsion 

Exposure  to  <  100  mg/l  No. 

2  fuel  oil  in  water  emul¬ 
sion 

96-hr  LC^;  excessive 
mtjcus  secretion; 
musculai'  narcotization 
7-Day  LC^q;  excessive 
mucus  secretion; 
muscular  narcotization 

Stalnken,  1976 

N 

Soft  shell 
clams 

5  months  exposure  to  No. 

2  fuel  oil  and  jet  fuel 
polluted  waters 

Male  and  female  gonad¬ 
al  tissue  invasive 
neoplasms  possibly  of 
germ  cell  origin; 
metastases  to  gills, 
genital  and  urinary 
pores,  kidney,  pericard¬ 
ium  arid  red  ^and. 

Barry  and  Yevich, 
1975 

Soft  shell 
clams 

Taken  from  oil-polluted 
waters 

Gill  and  kirfrtey 
hyperplasia 

Stalnken,  1976 

7-hr  old  Larvae 
of  Oysters  and 
Mussels 

Exposure  to  10,000  mg/l 

No.  2  fuel  oil  in  water 
dispersion 

6-hr  LC50 

Renzoni,  1973 

Oyster  and 

Mussel  eggs 

Exposio'e  to  1,000  mg/l  No. 

2  fuel  oil  in  water  dis¬ 
persion 

Reduced  numbers  of 
larvae  devel(^>ed 

n 

LC^q  -  median  lethal  concentration 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND 
LUBRICATING  OILS  IN  MOLLUSKS  (CONT.) 


SPECIES 

EXPERIMENfAL 

PROTOCOL 

RESULTS 

REFERENCES* 

Oysters 

Exposure  to  dispersion  of 
0.1%  or  10%  No.  2  fuel  oU 
added  to  water 

30%  mortality  in  4 
days 

Anderson  and 
Anderson,  1976 

Oysters 

Exposure  to  dispersion  of 

1%  No.  2  fuel  oil  added  to 
water 

30%  mortality  in  8 
days;  100%  mortality 
in  14  days 

Anderson  and 
Anderson,  1976 

SnaUs 

Littorina  sp. 

60  ml  of  kerosene  poured 
over  animals 

Slight  effect  on 
crawling  activity  and 
attadtment  rates 

Hadley,  1977 

Nassarius 

obsoletus 

Ej^osure  to  1  to  4  yg/1  of 
kerosene  dissolved  in 
water 

Interference  with 
chemically-mediated 
food-flndif^  behavior 

Jacobsen  and 
Boylan,  1973 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND 
LUBRICATING  OILS  IN  MARINE  CRUSTACEANS 


EXPERIMENTAL 

SPECIES  PROTOCOL 


RESULTS  REFERENCES* 


Grass  shrimp 

Exposure  to  dispersion  of 

3.S  mg/J  No.  2  fuel  oil 
added  to  water 

24-hr  TL„ 

Anderson  et  al. 
1974 

ff 

Exposure  to  dSspersion  of 

3.0  mg/1  No.  2  fuel  oU 
added  to  water 

96-hrTL^ 

It 

Mysid 

Exposure  to  dispersion  of 

1.6  mg/1  No.  2  fuel  oil 
added  to  water 

24-hr  TL„ 

tl 

If 

Exposure  to  dBsperslon  of 

1.3  mg/I  No.  2  fuel  oU 
added  to  water 

4S.hr  TL^ 

n 

Brown  shrimp 
Postlarvae 

Exposure  to  dbpersion  of 

9.4  mg/1  No.  2  fuel  oil 
added  to  water 

24.hr  and  96.hr  TL^ 

H 

Grass  shrimp 

Exposure  to  4.4  mg/1  No.  2 
fuel  oil  dissolved  in  water 

24.hr  TLn^ 

ft 

If 

Exposure  to  3.3  mg/1  No.  2 
fuel  oil  dissolved  in  water 

96-hrTL^ 

If 

Mysid 

Exposure  to  2.6  mg/1  No.  2 
fuel  oil  dissolved  in  water 

24-hr  TL„ 

n 

11 

Exposure  to  0.9  mg/1  No.  2 
fuel  oil  dissolved  in  water 

N 

Brown  shrimp 
postlarvae 

Exposure  to  3.0  mg/1  No.  2 
fuel  oil  dissolved  in  water 

24-hr  TL„ 

If 

ft 

Exposure  to  4.9  mg/1  No.  2 
fuel  oil  dissolved  in  water 

96-hr  TL„ 

ft 

Grass  shrimp 

Exposure  to  undiluted  sol¬ 
uble  fraction  of  10% 
mixtures  of  No.  2  fuel  oil 
in  water 

96-hr  LC^ 

Scheier  and 
Gominger,  1976 

VI 

Exposure  to  34.4  vol  %  di¬ 
lution  of  soluble  fraction 
of  10%  mixture  of  No.  2 
fuel  oil  in  water  pre¬ 
viously  UV  irradiated  for 

72  hr. 

96— hr  LC^q 

fV 

LC5Q  -  median  lethal  concentration;  TL^^  -  median  tolerance  limit 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND  LUBRICATING 
OILS  IN  MARINE  CRUSTACEANS  (CONT.) 


SPECIES 

EXPERIMENTAL 

PROTOCOL 

RESULTS 

REFERENCES* 

Grass  shrimp 

Exposuf '  to  water  under  6- 
day-old  No.  2  fuel  oil 
slick  prepared  from  1  part 
oil  and  360  parts  water  and 

UV  irradiated  for  6  days 

50-min  TLj^ 

Scheier  and 
Gominger,  1976 

If 

Exposure  to  same,  but  not 
irradiated  during  prepara¬ 
tion 

100%  survival  after 

96  hr 

If 

Coon  stripe 
shrimp 

Exposure  to  O.S  mg/I  of 

No.  2  fuel  oil  dissolved 
in  water 

96-hr  LC^q 

Vanderhorst  et 
al.,  1976 

fl 

Exposure  to  1.3  mg/l  of 

No.  2  fuel  oil  dissolved 

In  water 

72-hr  LC^o 

II 

Amphipod 
Gammarus 
oceanicus  Adults 

Exposure  to  dispersion  of 

173  pl/1  of  No.  1  fuel  oU 
in  water 

48-hr  LC^q 

Linden,  1976 

4-6  day  old 
juveniles 

Exposure  to  dispersion  of 

0.3  pl/l  of  No.  1  fuel  oil 
in  water 

48-hr  LCjq 

It 

Adults 

Exposure  to  solution  of  3 
yl/1  of  No.  1  fuel  oil  in 
water 

10096  mortality  in  50 
days;  impaired  swim¬ 
ming;  loss  of  photo¬ 
phobia;  reduced  sexual 
activity;  reduced 
numbers  of  offspring 

M 

Amphipod 

Boeckosimus 

affinis 

Exposure  to  1.0  ml/1  of 
diesel  fuel  oil  slick  on 
water 

24-hr  LC^q 

Atlas,  1975 

11 

Exposure  to  0.8  mI/1  of 
paraffinic  fuel  oil  slick 
on  water 

72-hr  LC;5o 

M 

11 

Exposure  to  0.4  ml/1  of 
aromatic  fuel  oil  slick  on 
water 

16-day  LC^q 

tl 
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SUMMARY  OF  TOXICITY  OF  FUEL  OILS  AND  LUBRICATING 
OILS  IN  MARINE  CRUSTACEANS  (CONT.) 


EXPERIMENTAL 

SPECIES  PROTOCOL  RESULTS  REFERENCES'^ 


Copepod 

Tigropus 
calif  ornicus 

Exposure  to  1.0  ml/1  of 
diesel  fuel  dispersed  in 
water 

100%  mortality  in  72 
hr 

Barnett  and 

Kontogiannis, 

1975 

Copepod 

Tigropus 
calif  ornicus 

II 

II 

II 

Exposure  to  0.30  ml/1  of 
diesel  fuel  dispersed  in 
water 

Exposure  to  <0.10  ml/1  (87 
m^l)  of  diesel  fuel  in 
water 

Exposure  to  1.0  ml/1  of 
kerosene  mixed  with  water 
Exposure  to  <0.10  ml/1  (83 
m^l)  of  kerosene  in  water 

100%  mortality  in  96 
hr 

Reduced  survival 
critical  concentration 

85%  mortality  in  8 
days 

Reduced  survival 
critical  concentration 

Barnett  and 

Kontogiannis, 

1975 

tt 

11 

II 

Cyclopoid 

Copepod  Nauplii 

Exposure  to  30%  dilution  of 
soluble  fraction  of  10.1% 
mixture  of  No.  2  fuel  oil 
in  water 

20%  survival  in  72  hr 

Lee  and  NichoL 
1977 

Calanoid  Copepod 
Nauplii 

Exposure  to  50%  dilution  of 
soluble  fraction  of  10.1% 
mixture  of  No.  2  fuel  oil 
in  water 

100%  survival  in  72  hr 

11 

Appendix  H 


144 


SUMMARY  OF  TOXICITY  OF  FUEL  AND 
LUftRICATING  OILS  IN  ECHINODERMS  AND  CORALS 


SPECIES 

EXPERIMENTAL 

PROTOCOL 

RESULTS 

references* 

Sand  dollar  eggs 

Exposure  to  20%  dilution  of 
soluble  fraction  of  10.1% 
mixture  of  No.  2  fuel  oil 
in  water 

Abnormal  fertilization, 
abnormal  cleavage,  re¬ 
duced  number  of.  living 
larvae,  deformed  larvae. 

Nicol  et  al.,  1977 

Sand  dollar  eggs 
and  sperm 

Exposure  to  50%  dilution  of 
soluble  fraction  of  10.1% 
mixture  of  No.  2  fuel  oil 
in  water 

No  larvae  developed 
from  eggs;  sperm  100% 
infertile  after  30  min. 
exposure 

Reimer,  1975 

Coral 

Pocillnpora  sp. 

Submerged  for  1  minute  in 
diesel  fuel 

Loss  of  almost  all 
living  tissue  in  13 
days 

M 

It 

Diesel  fuel  poured  over 
coral  to  cover  for  30  min. 

70%  death  of  polyps  in 

17  days 

tl 

PociUopora, 
Pavona,  Porites 
Psammocora 

1-4  ml  of  diesel  fuel  added 
to  water  with  organisms 

Sustained  mouth¬ 
opening  response  to 
food;  no  ingestion  re¬ 
sponse  in  50%  of  orga¬ 
nisms;  delayed  feeding 
for  17  days  after  expo- 

tl 

sure 
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Isopleth  Contours  of  the  XM16 
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APPENDIX  I 

Isopieth  Contours  of  the  XM16 


The  following  is  the  isopieth  plot  of  85dB-A  contours  for  XM16  smoke  generator. 
The  maximum  running  speed  of  the  360-P-6  engine  on  the  XM16  as  stated  by  the 
Brunswick  Corp.  is  16,400  RPM.  Three  engine  speeds  are  plotted,  the  usual  running 
speed,  51%  RPM,  is  outlined  and  labeled.  The  engine  orientation  may  have  been 
different  for  each  engine  speed.  For  the  51%  contour  the  engine  intake  was  toward  180° 
and  exhaust  end  toward  0°.  The  truck  driver  cab  always  pointed  toward  90°. 
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DISTRIBUTION  LIST  FOR  CROC  REPORT  -  ARCSL-EA-83001 


Names 

Copies 

Names  Copies 

CHEMICAL  SYSTEMS  LABORATORY 

Office  of  Che  Director 

Defense  Research  and  Engineering 

ATTN 

I»SMC-CLB  (A) 

1 

ATTN:  Dr.  T.C.  Walsh,  Hm  3D-1079 

1 

ATTN 

WiaC-CLB-C  (A) 

1 

Washington,  DC  20310 

ATTN 

DRSMC-CLB-P  (A) 

1 

ATTN 

DRSMC-CLB-PS  (A) 

1 

Defense  Advanced  Research  Projects  Agency 

ATTN 

DRSMC-CLB-R  (A) 

1 

ATTN:  Dr.  Tegnelia 

1 

ATTN 

DR»C-CLB-T  (A) 

1 

Washington,  DC  20301 

ATTN 

DRSMC-CLB-TE  (A) 

1 

ATTN' 

DRSMC-CLC-B  (A) 

1 

Advanced  Research  Projects  Agency 

1 

ATTN! 

DRSMC-CLC-C  (A) 

I 

1400  Wilson  Boulevard 

ATTN: 

DRSMC-CLF  (A) 

1 

Arlisigton,  VA  22209 

ATTN: 

DRSMC-CU-IL  (A) 

2 

ATTN: 

I»SMC-CLJ-IR  (A) 

1 

DEPARDCNT  OF  THE  ARMY 

ATTN: 

KISMC-CU-M  (A) 

1 

ATTN: 

DRSMC-CLJ-P  (A) 

1 

HQDA 

ATTN: 

DRSMC-CLN  (A) 

1 

ATTN:  FAMO-NCe 

1 

ATTN: 

DRSMC-CLN-S  (A) 

1 

ATTN:  I'AMI-Pn 

1 

ATTN; 

DRSMC-CLN-ST  (A) 

1 

WASH  DC  20310 

ATTN; 

DRSMC-CLT  (A) 

1 

ATTN; 

DRSMC-CLT-I  (A) 

1 

HQDA 

ATTN: 

DRSMC-CLW-C  (A) 

1 

Office  of  the  Deputy  Chief  of  Staff  for 

ATTN: 

ORSMC-CLY-A  (A)  (Pennsyle) 

1 

Research,  Development  &  Acquisition 

ATIN: 

DRSMC-CLR-I  (A) 

1 

ATTN:  DAMA-CSS-C 

1 

ATTN: 

DRSMC-aV-R  (A) 

1 

ATTN:  DAMA-ARZ  (Dr.  Verdoraae) 
Washington,  DC  20310 

1 

COPIES  FOR  AUTHORCS) 

DRSMC-CLT-I  (A) 

100 

HQ  Sixth  US  kaay 

RECORD  COPY;  DRSMC-CLT-A  (A) 

1 

ATTN:  AFKC-OP-NBC 

1 

Presidio  of  San  Francisco,  CA  94129 

DEPARTMENT  OF  DEFENSE 

CaoBander 

Defense  Technical  Information  Center 

CAROQM,  SrriEUR 

ATTN: 

DriC-MA-2 

2 

ATTN;  DRXST-Sn 

1 

Cameron  Station,  Kiilding  5 

Alexandria,  VA  22314 

Box  48,  APO  New  York  09710 

Commander 

Director 

USASTCFEO 

Defense  Intelligence  Agency 

ATTN:  MAJ  Mikeworth 

1 

ATTN: 

DB-4G1 

1 

APO  San  Francisco  96328 

Washington,  DC  20301 

HQ,  5th  Infantry  Div 

Deputy  Under  Secretary  of  Defense  for 

ATTN:  Div  Qnl  Off 

1 

Research  and  Engineering  (R&AT) 

Ft  Polk,  VA  71459 

ATTN 

Dr.  Musa 

1 

ATTN 

COL  Friday 

1 

ATTN 

COL  Winter 

1 

ATTN 

Mr.  Thomas  Dashiell 

1 

Washington,  DC  20301 
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AmQr  Research  Office 

ATTN:  IStXRO-CB  (Dr.  R.  Ghirardelli)  1 

ATIN:  DRXBO-GS  1 

ATTN:  Dr.  W.  A.  Flood  1 

P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 
HQDA  OOOSA  (OR) 

ATTN:  Dr.  H.  Tallin  1 

Washington,  DC  20310 

HQDA  (DAMD-FDD) 

ATTN:  MAJ  C.  CollaC  I 

Washington,  DC  20310 

HQDA,  OCE 

ATTN:  DAEN-RDM  (Dr.  Gamtz)  1 

Massachusetts  Ave,  NW 
Washington,  DC  20314 

CoBmander 

89th  Medical  Group  (P)  1 

3130  George  Washington  Blvd 
Wichita,  KS  67210 


0FFI(S  OF  THE  SURGEON  GENERAL 


Connander 

USA  Medical  Research  and 
DevelopsKnt  Coamand 

ATTN:  SGRD-UBD-AL  (Bldg  568)  1 

ATTN:  SGRD-UBG  (Mr.  Eaton)  1 

ATTN:  SGRD-UBO-OT  (CPT  Brett)  1 

ATTN:  LTC  Don  Gensler  1 

Fort  Detrick,  MD  21701 


Coomander 

USA  Medical  Bioengineering  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBD-AL,  Bldg  568  1 

Fort  Detrick,  Frederick,  HD  21701 

Coomander 

USA  Medical  Research  Institute  of 
Chemical  Defense 

ATTN:  SGRD-UV-L  1 

Aberdeen  Proving  Ground,  MD  21010 


US  ARMV  MATERIEL  DEVELOPMENT  AND 
READINESS  COMMAND 

Commander 
HQ,  DAROOM 

ATTN:  DRCED-D  (BG  Robinson)  I 

5001  Eisenliower  Ave. 

Alexandria,  VA  22333 


CaoBiander 

USA  Materiel  Development  and 
Readiness  Comnand 

ATTN:  DRCDE-DM  1 

ATTN:  DRf>Cr  I 

ATTN:  DRCSF-P  1 

AITN:  DRCSF-S  I 

AXTN:  DRCDL  (Mr.  N.  Klein)  I 

ATTN:  DRCDMD-ST  (Mr.  T.  Shirata)  1 

5001  Eisenhower  Ave 
Alexandria,  VA  22333 


(ioB—ander 

USA  Foreign  Science  &  Technology  Center 
ATIN:  DftXST-MT3  I 

Am:  DRXST-Mr3  (Poleski)  1 

220  Seventh  St.,  NE 
Charlottesville,  VA  22901 

Director 

Human  Engineering  Laboratory 

Am:  DRXHE-IS  1 

Aberdeen  Proving  Ground,  !f)  21005 

Comeander 

USA  Natidc  Research  and 

Development  Laboratories 
Am:  DRDNA-riF  (Dr.  Roy  W.  Roth)  1 

Natick,  m  01760 

Director 

DAROQH  Field  Safety  Activity 

Am:  DRRDS-SE  (Mr.  Yutmeyer)  1 

Charlestown,  IN  47111 

Rf  Sooke/Obscurants 

ATTN:  DRCFN-SMC-E  (A.  Van  de  Wal)  1 

ATTN:  DRCPM-SHC-M  1 

ATTN:  DRCPM-SMK-T  (Walter  G.  Klimek)  1 

Aberdeen  Proving  Ground,  MD  21005 
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USA  COMMUNICATIONS-ELECTRONICS  COMMAND 


Director 

USA  Materiel  Systems  Analysis  Activity 


ATTN;  DRXSY^fi*  1 
ATTN:  DRXSY-CR  (Mr.  Metz)  1 
ATTN;  DRXSY-FJ  (J.  O'Bryon)  1 
ATTN;  DRXSY-GP  (Mr.  Fred  Campbell)  1 
Aberdeen  Proving  Ground,  MD  21005 


USA  AVIATION  RESEARCH  AND 
DEVELOPMENT  COIMAND 

Director 

Applied  Technology  Lab 
USARTL  (AVRADCOM) 

ATTN;  DAVDL-AIL-ASV  1 

ATTN;  DAVDL-ATL-ASW  1 

ATTN;  DAVDL-EV^S  (Mr.  Gilbert)  1 

Ft.  Eustis,  VA  23604 

Coninander 

USA  Avionics  R&D  Activity 

ATTN;  DAVAA-E(M.  E.  Sonatag)  1 

Ft.  Monmouth,  NJ  07703 

USA  MISSILE  COMMAND 

CoRinander 

USA  Missile  Command 
Director,  Energy  Directorate 
ATTN:  DRSMI-RHFT  1 

ATTN;  DRSMI-RMST  1 

ATTN:  WtSMI-YLA  (N.  C.  Katos)  1 

Redstone  Arsenal,  AL  35809 

Commander 

USA  Missile  Command 

Redstone  Scientific  Information  Center 


ATTN:  DRSHI-REO  (Mr.  Widenhofer)  1 

ATTN:  DRSMI-RGT  (Mr.  Matt  Maddix)  1 

ATTN;  raiSMI-RKL  (Dr.  W.  Wharton)  1 

ATTN;  DRDMI-OGA  (Dr.  B.  Fowler)  1 

ATTN:  DRDMI-TE  (Mr.  H.  Anderson)  1 

Redstone  Arsenal,  AL  35809 


Coninander 

USA  Missile  Command 

Redstone  Scientific  Information  Center 
ATTN;  DRSMI-RPR  (Documents)  I 

Redstone  Arsenal,  AL  35809 


Commander 

USA  Communications-Electronics  Command 
ATTN;  DRSEL-WL-S  (Mr.  J.  Charlton)  1 

ATTN:  DRSEL-SS-ME  (Mr.  Chris  Kencik)  1 
Ft.  Monmouth,  NJ  07703 

Commander 

USA  Electronics  Research  and 
Development  Command 

ATTN;  DRDEL-CCM  (Dr.  J.  Scales)  1 

ATTN:  DELHD-RT-CB  (Dr.  Sztankay)  1 

Adelphi,  MD  20783 

Coninander 

Harry  Diamond  Laboratories 
ATTN;  DRXDO-RCB  (Dr.  Donald  Wortman)  I 

ATTN:  DRXDO-RCB  (Dr.  Clyde  Morrison)  1 

ATTN:  DRXDO~RDC  (Mif.  D.  Giglio)  1 

2300  Powder  Mill  Road 
Adelphi,  MD  20783 

Commander 

USA  Materials  &  Mechanics  Research  Center 
ATTN;  DRXMR-KA  (Dr.  Saul  Isserow)  1 

Watertown,  MA  02172 

Commander 

USA  Cold  Region  Research  Engineering  Laboratory 
ATTN;  George  Aitken  1 

Hanover,  NH  03755 

Commander /Director 
Combat  Surveillance  and  Target 
Acquisition  Laboratory 
ERADCOM 

ATTN;  DELCS-R  (E.  Frost)  1 

Ft.  Monmouth,  NJ  07703 

Director 

Atmospheric  Sciences  Laboratory 
ATTN;  DELAS-AR  (H.  Holt)  1 

ATTN;  DELAS-AS  (Dr.  Charles  Bruce)  1 

ATTN;  DELAS-AS-P  (Mr.  Tom  Pries)  ’  1 

ATTN;  DELAS-EO-EN  (Dr.  Donald  Snider)  1 

ATTN:  DELAS-EO-EN  (Mr.  James  Gillespie)  1 

ATTN;  DELAS-EO-ME  (Dr.  Frank  Niles)  1 

ATTN;  DELAS-EO-ME  (Dr.  Ronald  Pinnick)  1 

ATTN:  DELAS-EO-MD  (Dr.  Melvin  Heaps)  1 

ATTN;  DELAS-EO-MO  (Dr.  R.  Sutherland)  1 

ATTN;  DELAS-EO-S  (Dr.  Louis  Duncan)  1 

White  Sands  Missile  Range,  NM  88002 


US  ARMY  ARMAMENT,  MUNITIONS  AND 
CHEMICAL  COtMAND 

Comnander 

USA  Armament,  Munitions  and 
Chemical  Camnand 
ATTN:  I«SMC-ASN  (R) 

ATTN:  DRSMC-IRI-A  (R) 

ATTN:  DRSMC-LEP-L  (R) 

ATTN:  DRSMC-SF  (R) 

Rock  Island,  IL  61299 

Commander 

USA  Dugway  Proving  Ground 

ATTN:  Technical  Library  (Docu  Sect) 

Dugway,  UT  84022 

US  ARMT  ARMAMENT  RESEARCH  AND 
DEVELOPMENT  CENTER 


ATTN  I 
ATTN: 
ATTN: 
ATTN: 
ATTN: 
ATTN: 
ATTN: 
ATTN: 
ATTN: 
ATTN: 
ATTN: 
ATTN: 
Dover, 


DRSMC-LCA-L  (D) 

DRSMC-LCE  (D)  (Mr.  Scott  Morrow) 
DRSMC-LCE-C  (D) 

DRSMC-LCU-CE  (D) 

DRSMC-PSE-EN  (D)  (Mr.  N.  Mergel) 
DRSMC-SCA-T  (D) 

DRSMC-SCF  (D) 

DRSMC-SCP  (D) 

DRSMC-SCS  (D) 

DRSMC-TDC  (D)  (Dr.  D.  Gyorog) 
DR3MC-TSS  (D) 

DRCPM-CAWS-AM  (D) 

NJ  07801 


Armament  Research  and  Development  Center 
USA  AMCCOM 

ATTN:  DRSMC-TSE-OA  (Robert  Thresher)  1 
National  Space  Technology  Laboratories 
NSTL  Station,  MS  39529 

Requirements  and  Analysis  Office 
Foreign  Intelligence  and  Threat 
Projection  Division 

ATTN:  mSMC-RAI-C  (A)  1 

Aberdeen  Proving  Ground,  MD  21010 


Conmanding  Officer 

Armament  Research  and  Development  Center 
USA  AMCCm 

ATTN:  DRSMC-QAC-D  (A)  (Mr.  Francis)  1 

ATTN:  DRSMC-QAC-E  (A)  1 

Aberdeen  Proving  Ground,  MD  21010 

CoDinanding  Officer 

Armament  Research  and  Development  Center  (BRL) 
USA  AMCCOM 

ATTN:  DRSMC-BLB  (A)  1 

ATTN:  DRSMC-TS3-S  (A)  1 

Aberdeen  Proving  Ground,  MD  21005 

US  ARMY  TRAINING  &  DOCTRINE  COMMAND 

Commandant 

USA  Infantry  School 

ATTN:  CTM),  CSD,  NBC  Branch  1 

Fort  Benning,  GA  31905 

USA  Missile  &  Munitions  Center 

and  School 

ATTN:  ATSK-CM  1 

P.edstone  Arsenal,  AL  35809 

Commander 

USA  Logistics  Center 

ATTN:  Aia-MG  1 

Fort  Lee,  VA  23801 

Commandant 

USA  Chemical  School 

ATTN:  ATZN-CM-C  1 

ATTN:  ATZN-CM-AFL  2 

ATTN:  ATZN-CN-CEM  (Dr.  J.  Scully)  1 

Fort  McClellan,  AL  36205 

Comnander 

USAAVNC 

ATTN:  ATZQ-D-MS  1 

Fort  Rucker,  AL  36362 

Commander 

USA  Combined  Arms  Center  and 
Fore  Leavenworth 

ATTN:  ATZL-CAM-IM  1 

Fort  Leavenworth,  KS  66027 
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Coamander 

USA  Infantry  Center 
ATTN:  ATSH-CIMIS-C 
ATTN;  ATSH-a)-MS-F 
ATTN:  ATZB-DPT-PO-NBC 
Fort  Benning,  GA  31905 

Coamander 

USA  Training  and  Doctrine  Coomand 
ATTN:  ATCD-N 

ATTN:  ATCD-TEC  (Dr.  M.  Pastel) 

ATTN:  ATCD-Z 

Fort  Monroe,  VA  23651 

Coamander 
USA  Armor  Center 
ATTN:  ATZK-CD-MS 
ATTN:  ATZK-PPT-PO-C 
Fort  Knox,  KT  A0121 

Coomander 

USA  TRADOC  System  Analysis  Activity 
ATTN:  AXAA-SL 

ATTN:  AXAA-TIffl  (L.  Dominguez) 

White  Sands  Missile  Range»  IM  88002 

Coamander 

USA  Field  Artillery  School 
ATTN:  ATSF-GD-BA 
Ft.  Sill,  OK  73503 

Director 

USA  Concepts  Analysis  Agency 
ATTN:  MOCA-SMC  (Hal  Hock) 

8120  \<foodox>nt  Avenue 
Bethesda,  MD  20014 

US  ARMY  TEST  &  EVALUATION  OOtMAND 

Coamander 

USA  Test  &  Evaluation  Coomand 
ATTN:  DRSTE-CM-F 
ATTN;  DRSTE-Cr-T 
ATTN:  DRSTE-AD-M  (Warren  Baity) 
Aberdeen  Proving  Ground,  M)  21005 

Coamander 
USA  EPG 

ATTN;  STEEP-MM-IS 

ATTN;  STEEP-MrH)S  (CT-T  Decker) 

Ft.  Huachuca,  AZ  l>5613 


Coomander 

Dugway  Proving  Ground 

ATTN:  STEDP-MT  (Dr.  L.  Solomon) 

ATTN:  STEW-MTHDA-M  (Mr.  E.  Rengers) 
Dugway,  UT  84022 

DEPARTMENT  OF  THE  NAVY 

Commander 

Naval  Research  Laboratory 

ATTN:  Code  5709  (Mr.  H.  E.  Howell) 

ATIN:  Code  6532  (Mr.  Curcio) 

ATTN:  Code  6532  (Mr.  Trusty) 

ATTN:  Code  6530-2  (Mr.  Gordon  Stana) 
ATTN:  Code  8320  (Dr.  Lothar  Ruhnke) 
ATTN:  Code  8326  (Dr.  James  Fitzgerald) 
ATTN:  Code  43202  (Dr.  Hermann  Gerber) 
4555  Overlook  Avenue,  SW 
Washington,  DC  10375 

Chief,  Bureau  of  Medicine  &  Surgery 
Department  of  the  Navy 
ATTN:  MED  3C33 
Washington,  DC  20372 


Naval  Air  Systeam  Coamand 
AHN:  Code  AIR-301C  (Dr.  H.  Rosenwasser)  1 
ATTN:  Code  AIR-5363  (D.  C.  Caldwell)  1 
Washit«ton,  DC  20361 


Neval  Sea  Systems  Pnamand 

ATTN;  SEA-62T13  (LCSR  Richard  Gilbert) 

ATTN;  SEA-6ZT21  (A.  Kanterman) 

ATTN:  SEA-6ZT21  (LCDR  W.  Major) 
Washington,  DC  20362 

Project  Manager 

Theatre  Nuclear  Warfare  Project  Office 
ATTN;  PM-23  (Dr.  Patton) 

ATTN:  TN-09C 

Navy  Department 
Washington,  DC  20360 

Coomander 

Naval  Surface  Weapons  Center 

Dahlgren  Laboratory 

ATTN:  DX-21 

ATTN:  Mr.  R.  L.  Hudson 

ATTN;  F-56  (Mr.  Douglas  Marker) 

ATTN;  G-35  (Mr.  William  N.  Wishard) 

Dahlgren,  VA  22448 
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Connander 

Naval  Intelligence  StqK>rt  Center 
ATIN:  Code  434  (H.  F.  St.Aubin)  1 

4301  Suitland  Road 
Suitland,  HD  20390 

CoBnander 

Naval  Explosive  Ordnance  Disposal 
Technology  Center 

lOTK:  AO-3  1 

Indian  Head,  M)  20640 

0f£icer-in-Charge 

tiarine  Corps  Detachaent  1 

Naval  Explosive  Ordnance  Disposal 
Technology  Center 
Indian  Head,  M>  20640 

Cowaander 

Naval  Air  Developsant  Center 

ATTN:  Code  2012  (Dr.  Robert  Relsiwld)  1 

Warminster,  PA  18974 


Commander 

Naval  Weapons  Center 

A3TN:  Code  3893  (L.  A.  Hathens)  1 

ATIN:  Code  3882  (Dr.  C.  E.  Dinerman)  1 

ATTN:  Code  3918  (Dr.  Alex  Shianta)  1 

ATIN:  Code  3263  (Hr.  L.  Josephson)  1 

China  Lake,  CA  93555 


Camnanding  Officer 

Naval  Weapons  Support  Center 

Applied  Sciences  Department 

ATTN:  Code  50C,  Bldg  190  I 

ATTN:  Code  502  (Carl  Lohkamp)  I 

ATTN:  Code  5063  (R.  Farren)  1 

Crane,  IN  47522 

US  MARINE  CORPS 

Connanding  General 
Marine  Corps  Development  and 
Education  GaoBiand 

ATTN:  Fire  Power  Divisi<m,  D091  1 

Quantico,  VA  22134 

DEPARTMENT  OF  THE  AIR  FC»CE 

Department  of  the  Air  Force 
Headquarters  Foreign  Technology  Division 
ATTN:  TQTR  1 

Wri^t-Patterson  AFB,  OH  45433 


AFAMRL/TS 

ATIN:  OOL  Johnson 
Wri^t-Patterson  AFB,  (M  45433 


AFUAL/FIEEC  (WOndell  Banks)  I 

Wright-Patterson  AFB,  OH  45433 

BQ  AFSC/SDZ  1 

ATIN:  CPI  D.  Riediger 
Andrews  AFB,  MD  20334 

OSREDOCM 

ATTN:  BCJ3-OS  (MAJ  Holt)  1 

MacDill  AFB,  FL  33603 

USAF  TAWC/THL  1 

Eglin  AFB,  FL  32542 

DSAP  SC 

ATIN:  AD/YQ  (Dr.  A.  Vaailoff)  1 

ATIR:  AD/y^  (MAJ  Owens)  1 

Eglin  AFB,  FL  32542 

AD/XBO  1 

Eglin  AFB,  FL  32542 

Coammnder 

Banscom  Air  Force  Base 
ATIN:  AFGL/LYC  (Dr.  Barnes)  1 

ATTN:  AFa/FQA  (Dr.  Frederick  Volz)  1 

Bedford,  m  01731 

Headquarters 
Tactical  Air  Command 

ATIN:  DRP  1 

Lai^ley  AFB,  VA  23665 

AFOSR/NE 

ATIN:  WJ  H.  Winsor  1 

Bolling  AFB,  DC  20332 

OOISIDE  AGENCIES 

OSV  Field  Office  1 

P.O.  Box  1925 
Eglin  AFB,  FL  32542 

Battelle,  Coluoabus  Laboratories 
ATTN:  'lACIEC  1 

505  King  Avenue 
Colunuus,  OH  43201 
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Toxicology  Information  Center,  JH  652 
National  Research  Council  1 

2101  Constitution  Ave.,  NH 
Washingtxxi,  DC  20418 

Los  Alanos  National  Laboratory 

ATIN:  T-DOT,  HS  B279  (S.  Gerstl)  I 

Los  Alasos,  m  87545 

Institute  for  Defense  Analysis  1 

1801  N.  BeauMigard  Street 
Alexandria,  VA  22311 

ADDITIONAL  ADDRESSEES 


Office  of  Missile  Electronic  Uarfare 
ATTN:  DELEH'IHr-AC  (Ms  Arthur)  1 

Nhite  Sands  Missile  Range,  !M  88002 

USA  Mobility  EcRiiiaMnt  Researdi  and 
DevelopoMnt  Center 

ATINt  DROMB-RT  (Mr.  0.  F.  Kaser)  1 

Fort  Belvoir,  VA  22060 

Director 

US  Nig)it  Vision  and  EO  Laboratories 
ATINt  DRSEL-NV-^  (Or.  R.  G.  Buaer)  I 

ATTN:  DRSELHfV-Vl  (Mr.  R.  BerteMsm)  1 

ATINt  OELNV-VI  (Luanne  Obert)  1 

ATIN:  DELNV-L  (D.  N.  Spector)  1 

Fort  Belvoir,  VA  23651 

Coanandant 

Academy  of  Health  Sciences,  US  Army 
ATTN:  HSHA-SSl  2 

Fort  Sas  Houston,  TX  78234 

Science  Applications  Inc. 

ATTN:  Dr.  Frederick  G.  Gebhardt  1 

3  Preston  Court 
Bedford,  MA  01730 

Science  Applications  Inc. 

ATTN:  Mr.  Robert  E.  Thmer  J 

1010  Woodman  Drive,  Suite  200 
Dayton,  OH  45432 

Creative  Optics  1 

25  Washington  St 
Bedford,  MA  01730 


McDonnell  Douglas  Astro  Co 
ATIN:  John  Adams  (A-3->210,ll-l) 

5301  Bolsa  Ave 
Huntington  Beach,  CA  92647 

BM>  Program  Office 
ATIN:  Dick  McAtee,  fta.  7S14  1 

5001  Eisenhower  Ave 
Alexandria,  VA  22333 

Dr.  W.  Midiael  Fanner,  Assoc  Prof,  Physics 
University  of  Tennessee  Space  Institute  1 
Ihll^xm,  TN  37388 

foamanJer 
Tooelle  AD 

ATIN:  ST^-AE  (Dr.  J.L.  Bishop)  1 

Tooele,  UT  84074 

ARNG 

Operating  Activity  Center 

ATINt  NGB-ARI-C/Bldg  E6810  1 

Aberdeen  Proving  Ground,  MD  21010 


USA  Eavironmental  P^iene  Agency 

ATINt  Librarian,  Bl<%  2100  1 

Aberdeen  Proving  Ground,  MD  21010 
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